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[Claim 1] Stage equipment which is characterized by providing the following and 
with which the movable object was laid on the base. Two or more three or more 
periodic-damping meanses to attenuate vibration between the aforementioned 
installation side and the aforementioned base while supporting the aforementioned 
base on the installation side of the aforementioned stage equipment, respectively. 
A damping-property adjustable means to change either [ at least ] the spring 
constant of one predetermined piece or two or more predetermined periodic- 
damping meanses in two or more aforementioned periodic-damping meanses, or a 
damping coefficient according to the move state of the aforementioned good 
dynamic body. 

[Claim 2] Stage equipment for aligners which has the substrate stage which is 
characterized by providing the following, and which moves a sensitization substrate 
two-dimensional, and the base in which this substrate stage is laid, and exposes a 
mask pattern on the aforementioned sensitization substrate. Two or more three or 
more periodic-damping meanses to attenuate vibration between the 
aforementioned installation side and the aforementioned base while supporting the 
aforementioned base on the installation side of the aforementioned stage 
equipment, respectively. A damping-property adjustable means to change either [ 
at least ] the spring constant of one predetermined piece or two or more 
predetermined periodic-damping meanses in two or more aforementioned periodic- 
damping meanses, or a dumping coefficient according to the move state of the 
aforementioned substrate stage. 

[Claim 3] It is stage equipment according to claim 1 or 2 which one aforementioned 
predetermined piece or two or more aforementioned predetermined periodic- 
damping meanses have the movable object arranged in predetermined viscous 
fluid, respectively, and is characterized by for the aforementioned damping- 
property adjustable means changing the viscous-drag coefficient of the 
aforementioned viscous fluid, and changing a dumping coefficient. 
[Claim 4] The aforementioned damping-property adjustable means is stage 
equipment according to claim 1 or 2 characterized by changing a spring constant 
by inserting [ member / spring ] between the aforementioned installation side and 
the aforementioned base to the aforementioned periodic-damping means and 
parallel which are set as the adjustable object of a damping property. 



[Claim 5] One aforementioned predetermined piece or two or more aforementioned 
predetermined periodic-damping meanses are stage equipment according to claim 
1 or 2 characterized by changing a spring constant [ in / the aforementioned 
electric actuator / it has the electric actuator which gives the energization force 
over the aforementioned base from the aforementioned installation side, and / in 
the aforementioned damping-property adjustable means ], respectively. 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention is applied to the stage equipment of the 
aligner which bakes and exposes the pattern on a mask to sensitization substrates, 
such as a wafer with which especially sensitive material was applied, about the 
stage equipment which has the inhibition mechanism of a shake or vibration, and is 
suitable. 
[0002] 

[Description of the Prior Art] In the aligner used for the integrated circuit of the 
former, for example, a semiconductor, or manufacture of a liquid crystal display 
element, it being necessary to imprint with high precision, and suppressing the 
shake and vibration by the mask or the substrate as much as possible on the 
substrates (a wafer, glass plate, etc.) by which the pattern on masks (reticle etc.) 
was applied to the photoresist is called for. 

[0003] Therefore, composition by which the whole equipment is carried on a 
vibrationproofing base a deflection and for the purpose of reduction of transfer of 
vibration with this kind of equipment from before is taken. The example is 
explained with reference to drawing 10 . Drawing 10 shows the outline block 
diagram of an example of the conventional aligner, and sets it to this drawing 10 . 
The reticle stage 2 which lays the wafer stage WS in which the wafer 4 was laid, a 
projection optical system 3, and a reticle 1, the lighting optical system EL And the 
aligner main part 1 1 which consists of surface plate 9 grade which supports the 
columns 22 and 23 which support those members, and columns 22 and 23 is 
supported by three pieces or four vibrationproofing mountings which have been 
arranged at the pars basilaris ossis occipitalis of the aligner main part 11. In 
drawing 10 , only two vibrationproofing mountings 52a and 52b are shown among 
those. In addition, the control rack 28 with which the control system which controls 
the handler which is not illustrated [ which performs receipt and supply of the 
lighting optical system EL, a reticle stage 2, the wafer stage WS and a wafer 4, or a 
reticle 1 ] was contained is arranged in somewhere else [ the aligner main part 1 1 ]. 
[0004] The vibrationproofing mountings 52a and 52b are being fixed so that a 
mutual position may not shift on a base plate 13. These vibrationproofing 
mountings 52a and 52b are usually constituted by the combination of a spring 
material and periodic-damping material. A vibrationproofing system as shown in 
this drawing 10 can be called vibrationproofing system passive so to speak into 
which vibration-proof ability is not changed according to a vibrational state or the 
states (posture etc.) of equipment. Generally such vibrationproofing bases are 
called "passive vibrationproofing base." 

[0005] Drawing 1 1 is the outline block diagram showing another example of the 
conventional aligner, and the aligner main part 11 is supported by two or more 
vibrationproofing mountings like the above-mentioned example in this drawing 1 1 . 
Drawing 1 1 shows two vibrationproofing mountings 61a and 61b among those. The 
vibrationproofing mountings 61a and 61b of the aligner of drawing 11 use an air 



spring (air damper). It has the positive pressure source of supply 62 of 3 - 10 
kgf/cm2 (gage pressure) in the exterior of an aligner, and the air spring is 
constituted by sending in air through pneumatic piping 65a and 65b, respectively in 
the air chamber sealed by the rubber prepared in the vibrationproofing mountings 
61a and 61b. 

[0006] In addition, flow control valves 63a and 63b are formed just before the inlet 
of the air of the vibrationproofing mountings 61a and 61b, respectively. These flow 
control valves 63a and 63b are interlocked with the level sensors 64a and 64b 
which are interval measurement machines, such as a mechanical cable type which 
detects the posture of the aligner main part 11, or an electric type, respectively, 
and operate. Namely, by change of the posture of the aligner main part 1 1 , the flow 
rate of the air supplied to each vibrationproofing mountings 61a and 61b can be 
changed, and the posture of the aligner main part 11 can be uniformly held now as 
a result. Other parts are the same as drawing 10 . The vibrationproofing mountings 
61 a and 61 b of this example as well as the example of drawing 10 are called 
"passive vibrationproofing base." 

[0007] On the other hand, sensors, such as an accelerometer or a displacement 
gage, detect the vibrational state of the exterior or the interior on real time, and the 
"active vibrationproofing base" which fluctuates the performance of 
vibrationproofing mounting positively is used increasingly recently. 
[0008] 

[Problem(s) to be Solved by the Invention] However, the need of controlling a 
shake and vibration still more precisely especially at the latest aligner is imminent, 
and the vibrationproofing base which is satisfied [ with the above-mentioned 
conventional technology ] of a performance side and a price side is not obtained. 
That is, in addition to the shake and vibration from the exterior, especially a floor 
line, in an aligner, you have to take into consideration the shake and vibration 
accompanying operation of the stage which moves exposed members, such as a 
wafer, or masks (reticle etc.) at high speed. At the time of acceleration of this 
stage, and a slowdown, big reaction force is applied to an aligner from the relation 
of operation reaction. This reaction force serves as an oscillating generation source 
of the main part of equipment on a vibrationproofing base. Physically, without 
changing an equipment configuration a lot, it is quite difficult to make this 
generating vibration into zero, and comes back to what "a periodic-damping 
performance is enlarged as much as possible, and vibration is attenuated for as 
quickly as possible" as a coping-with method. 

[0009] When the above is arranged, it will be called two points of quick attenuation 
** of vibration generated as a required function of a vibrationproofing base required 
for an aligner inside reduction and (b) equipment of the oscillating transfer from a 
(b) floor line. However, coexistence is a difficult function when these two points are 
considered from the requirement side of a vibrationproofing base, namely, as weak 
as much as possible as the ground or a floor line, in order to attain reduction of the 
oscillating transfer from a (b) floor line it connects, and it is necessary to prepare 
rigid weak "soft vibrationproofing base" for example, and, in other words, an air 
spring formula vibrationproofing base is equivalent to this On the other hand, in 
order to attain quick attenuation of vibration generated inside (b) equipment, it is 
necessary to realize strong rigid "hard vibrationproofing base" where an aligner 
main part can vibrate united with the ground or a floor line. In order to satisfy the 
latter performance, a vibrationproofing base which made the rigid big mechanical 
spring the component, or a thing like a rubber vibration insulator will be applied. 



[0010] although the above-mentioned passive vibrationproofing base by the Prior 
art for example, has the advantage from which a thing appropriate at a 
comparatively cheap price is obtained by present also by the case of the 
vibrationproofing base which it is a low price, and did not reach for saying in simple 
rubber vibration insulator use, but used the air spring, it is difficult for fully satisfying 
the vibrationproofing function made required for the aligner described above 
Moreover, a sensor is installed within and without equipment and another active 
vibrationproofing base can build a vibrationproofing system with which it is made to 
satisfy both two functions that are the above-mentioned (b) and a (b), and is fully 
satisfied of various military requirements by oscillating control based on this 
detecting signal. However, while various sensors with sufficient precision are 
required, it is necessary to constitute an electronic circuitry quite complicated as a 
controller which controls vibrationproofing mounting. Therefore, the equipment of 
high cost is needed, and considering what can be applied to the highly efficient 
aligner demanded especially today, by present, it becomes high cost, so that profit 
cannot be taken. 

[001 1] this invention aims at offering the stage equipment of a low cost to which 
both two functions of quick attenuation ** of reduction of the oscillating transfer 
from a (b) floor line and vibration generated inside (b) equipment are satisfied in 
view of this point. 
[0012] 

[Means for Solving the Problem] In the stage equipment with which the movable 
object (6 7) was laid on the base (9), while the 1st stage equipment by this 
invention supports the base (9) on the installation side (13) of the stage equipment, 
respectively Two or more three or more periodic-damping meanses to attenuate 
vibration between the installation side (13) and its base (9) (12a, 12b), According to 
the move state of the movable object (6 7), a damping-property adjustable means 
(19) to change either [ at least ] the spring constant of one predetermined piece or 
two or more predetermined periodic-damping meanses in two or more of the 
periodic-damping meanses (12a, 12b) or a damping coefficient is established. 
[0013] Moreover, the substrate stage to which the 2nd stage equipment by this 
invention moves a sensitization substrate (4) two-dimensional (6 7), In the stage 
equipment for aligners which has the base (9) in which this substrate stage (6 7) is 
laid, and exposes a mask pattern on the sensitization substrate (4) While 
supporting the base (9) on the installation side (13) of the stage equipment, 
respectively Two or more three or more periodic-damping meanses to attenuate 
vibration between the installation side (13) and its base (9) (12a, 12b), According to 
the move state of the substrate stage (6 7), a damping-property adjustable means 
(19) to change either [ at least ] the spring constant of one predetermined piece or 
two or more predetermined periodic-damping meanses in two or more of the 
periodic-damping meanses (12a, 12b) or a dumping coefficient is established. 
[0014] In the 1st of this invention, and the 2nd stage equipment moreover, an 
example of the one predetermined piece or two or more predetermined periodic- 
damping meanses (12a, 12b) It has the movable object (42a, 42b) arranged in 
predetermined viscous fluid (45), respectively, and it is desirable for the damping- 
property adjustable means (19) to change the viscous-drag coefficient of the 
viscous fluid (45), and to change a dumping coefficient in this case. 
[0015] Moreover, other examples of the damping-property adjustable means (19) 
change a spring constant by inserting [ member / (25) / spring ] between the 
installation side (13) and its base (8) in parallel with the periodic-damping means 



(12a, 12b) set as the adjustable object of a damping property. Moreover, another 
example of a means to change the spring constant is a means to change the 
spring constant which the gain of a position feedback is changed, for example, a 
spring constant is changed indirectly, or is directly expressed with the energization 
force / change, when an electric actuator (31 ; 34) is used. 
[0016] 

[Function] According to the 1st stage equipment of this this invention, according to 
the move state of a movable object (6 7), the spring constant or dumping 
coefficient of a periodic-damping means (12a, 12b) can be changed by the 
damping-property adjustable means (19), and the periodic-damping property of 
stage equipment can be changed. When it seems that he does not want to follow, 
for example, to transmit the vibration from the stage equipment outside to stage 
equipment, a spring constant can be made small and it can respond. On the other 
hand, it can respond by making high rigidity of stage equipment, such as enlarging 
a dumping coefficient, to converge quickly the vibration inside equipment which is 
followed on movement of a movable object (6 7). 

[0017] Moreover, according to the 2nd stage equipment of this invention, two 
functions of quick attenuation ** of vibration generated inside reduction and (b) 
equipment of the oscillating transfer from a (b) floor line required as stage 
equipment of an aligner can both be satisfied to cheap cost. As mentioned above, 
it does not need to be satisfied [ with this time ] of two functions required as stage 
equipment of an aligner. It is the time when the pattern of a mask (1) bakes on a 
sensitization substrate (4) at, and is exposed, the time of various kinds of optical 
alignment operation, etc. that the function which is (**) is needed for the maximum. 
Moreover, it is the acceleration time and the deceleration time of a substrate stage 
(6 7) in the time of stepping to which a substrate stage (6 7) is moved at high 
speed that the function of (**) becomes important. 

[0018] If it is made a setup which changes the periodic-damping property of a 
periodic-damping means (12a, 12b) to two kinds for example, in stage equipment 
there and will think from the function of an aligner, it can consider as the stage 
equipment with which it is satisfied of both two functions, a (b) and a (b), as a 
result namely, the exposure time only setting -- rigidity -- "-- soft -- " -- what is 
necessary is just to carry out If it carries out that it cooks of the rigidity in "" to the 
time in connection with the acceleration slowdown of other stages, **** (setting) of 
the vibration generated by acceleration slowdown can be carried out quickly 
enough. 

[0019] By the way, although such time management is performed by the damping- 
property adjustable means (19), a sensor and a control section special for setting 
change of this periodic-damping means (12a, 12b) are not needed. Namely, what 
is necessary is to emit a control signal according to the operation situation of an 
aligner from a damping-property adjustable means (19), for example, just to control 
operation of viscous fluid (45). Therefore, according to the 2nd stage equipment of 
this invention, the function which is very cheap cost compared with the above- 
mentioned active vibrationproofing base, and an active vibrationproofing base has 
can be attained. 

[0020] Furthermore, the drive of the stage equipment in an aligner and the 
combination of a halt are not necessarily applied only in exposure operation, and 
are applied also in operation of delivery with the handler at the time of exchange of 
various kinds of optical alignment operation, a mask (1), a sensitization substrate 
(4), etc. As for a control parameter called the drive speed and acceleration of a 



substrate stage (6 7) according to each case, differing is common, therefore, the 
"rigidity" which should be set as a periodic-damping means (12a, 12b) "-- soft/-- it 
is hard it is desirable several step story and that change of the set point of 4 - 5 
stage can be performed not only according to two stages of " but according to each 
case if it may be able to do According to the 2nd stage equipment of this invention, 
two or more of these set points can be easily set up by the damping-property 
adjustable means (19). 
[0021] 

[Example] Hereafter, one example of the stage equipment by this invention is 
explained with reference to drawing 1 - drawing 3 , and drawing 8 . this example 
applies this invention to the projection aligner of the step-and-repeat method which 
reduces the pattern on a reticle by the projection optical system, and is exposed to 
each shot field on a wafer. 

[0022] In this drawing 1 , the outline composition of the projection aligner of this 
example is shown, the lighting light IL for exposure injected from the lighting optical 
system EL is irradiated by the lighting field on a reticle 1, the circuit pattern drawn 
in the lighting field is reduced through a projection optical system 3, and drawing 1 
is imprinted by the front face of a wafer 4. As a lighting light IL, laser beams, such 
as others and KrF excimer laser light, ArF excimer laser light, etc., are used. [ 
bright lines / (i line with a wavelength of 365nm, g line with a wavelength of 436nm, 
etc.) /, such as a mercury lamp, ] Here, in drawing 1 , the Z-axis is taken in parallel 
with the optical axis AX of a projection optical system 3, and the X-axis is taken in 
the space of drawing 1 within a flat surface perpendicular to the optical axis AX at 
right angles to the space of a Y-axis and drawing 1 in parallel. 
[0023] In drawing 1 , vacuum adsorption of the reticle 1 on which the circuit pattern 
was drawn is carried out on a reticle stage 2, and this reticle stage 2 positions a 
reticle 1 to the direction of X, the direction of Y, and a hand of cut (the direction of 
theta) within a two-dimensional flat surface (XY flat surface) perpendicular to the 
optical axis AX of a projection optical system 3. The position coordinate in the two- 
dimensional flat surface of a reticle stage 2 is always detected with the resolution 
of about 0.01 micrometers by the laser interferometer arranged on the outskirts of 
a move mirror and the outskirts on the non-illustrated reticle stage 2. 
[0024] As shown in drawing 1 , a wafer 4 is held by vacuum adsorption on a non- 
illustrated wafer electrode holder, and the wafer electrode holder is being fixed on 
Z stage 5. Moreover, Z stage 5 is laid on the X stage 6 where only the length for a 
diameter of the greatest wafer exposed by this projection aligner can move in the 
direction of X, and the X stage 6 is laid on the Y stage 7 where only the length for a 
diameter of the greatest wafer can move in the direction of Y. A wafer stage 
consists of these Z stages 5, an X stage 6, a Y stage 7, and wafer base 8 grade. 
[0025] It drives by the motor 15 through a feed screw 14, and moves in the 
direction of Y relatively to the wafer base 8, and the Y stage 7 is driven by the 
motor 16 through a non-illustrated feed screw, and moves in the direction of X 
relatively to the Y stage 7 on the X stage 6. Moreover, by the non-illustrated 
mechanical component, to the image formation side of a projection optical system 
3, Z stage 5 can incline in the arbitrary direction, and can be moved slightly in the 
optical-axis AX direction (Z direction). Moreover, surrounding rotation of an optical 
axis AX is also possible for Z stage 5. 

[0026] Furthermore, the firm measurement of the X coordinate and Y coordinate of 
Z stage 5 is carried out by the move mirror fixed on Z stage 5, and the laser 
interferometer of the non-illustrated exterior. Furthermore, the focal position 



detection system of the oblique incidence method which consists of irradiation 
optical system which projects images, such as a pinhole or a slit pattern, aslant to 
an optical axis AX towards the exposure side of the wafer 4 near the image 
formation side of a projection optical system 3 although not illustrated, and light- 
receiving optical system which carries out re-image formation of the image from the 
projected reflected light bunch from an image is prepared. The position of the Z 
direction of the front face of a wafer 4 is detected by this focal position detection 
system, and auto-focusing is performed so that the front face of a wafer 4 may 
agree in the image formation side of a projection optical system 3 based on the 
detection information. 

[0027] The aligner main part 1 1 which consists of surface plate 9 grades which 
support Z stage 5, the X stage 6, the Y stage 7 and the wafer stage that consists of 
wafer base 8 grades, the lighting optical system EL, a projection optical system 3, 
a reticle stage 2, the columns 22 and 23 that support those devices, and columns 
22 and 23 as mentioned above is installed after four vibrationproofing mountings. 
Drawing 1 shows only two vibrationproofing mountings 12a and 12b. The 
vibrationproofing mountings 12a and 12b are being fixed so that a mutual position 
may not shift on a base plate 13. About the vibrationproofing mountings 12a and 
12b, it mentions later in detail. In addition, the aligner main part 11 is equipped also 
with the alignment system which is not illustrated for in addition to this performing 
alignment of a reticle 1 and a wafer 4. 

[0028] Moreover, the control system 19 (refer to drawing 2 ) contained in the 
control rack 28 of the equipment exterior also controls operation of the 
vibrationproofing mountings 12a and 12b while controlling the handler which is not 
illustrated [ which performs receipt and supply of the lighting optical system EL, a 
reticle stage 2, a wafer stage and a wafer 4, or a reticle 1 ]. Next, vibrationproofing 
mounting 12a is explained with reference to drawing 2 . The same is said of 
vibrationproofing mounting 12b and other vibrationproofing mountings. In addition, 
the structure from which the oscillating absorbent system according [ 
vibrationproofing mounting 12a ] to a spring member and the oscillating absorbent 
system by viscous fluid constitute the oscillating absorbent system according the 
structure which constitutes the oscillating absorbent system by the spring member 
on account of following explanation to a spring buffer system and viscous fluid by 
becoming integral construction is explained as a fluid buffer system. 
Vibrationproofing mounting 12a of this example is the structure which consists of a 
spring buffer system and a fluid buffer system. 

[0029] the cross section in which drawing 2 shows the internal configuration of 
vibrationproofing mounting 12a of this example - it is -- this drawing 2 setting a 
crowning -- a member 43 is a portion connected to the aligner main part 1 1 of 
drawing 1 , and the undersurface side of a case 44 is being fixed to the base plate 
13 of drawing 1 the spring which constitutes the spring buffer system of this 
example in the center section of the lid 48 of a case 44 -- the end of a member 20 
is fixed -- having -- a spring -- the other end of a member 20 -- a crowning -- it is 
fixed to the member 43 moreover, a crowning two or more wing-like members ( 
drawing 2 shows only two-piece 42a of them, and 42b) which constitute the fluid 
buffer system of this example in a member 43 a spring -- as a member 20 is 
surrounded, it is attached -- having **** -- a crowning -- each pedicel 49a and 
49b of the wing-like members 42a and 42b fixed to the member 43 is ****(ed) to 
opening of a lid 48 

[0030] The viscous fluid 45 which constitutes the principal part of the fluid buffer 



system of this example is filled up into container 50a of the shape of a thick 
cylinder within a case 44 with the state where leak and there is nothing, and the 
wing portion of the wing-like members 42a and 42b is dipped into viscous fluid 45. 
Moreover, the electrode 46 of a couple was formed in the front face of a case 44, 
and these electrodes 46 have flowed with viscous fluid 45. if the voltage impressed 
between the electrodes 46 of a couple is changed from the power supply which the 
viscous fluid 45 used here is an ER (Electro Reological) fluid from which viscosity 
changes corresponding to the change of potential as mentioned later, and was 
prepared outside -- the viscosity of viscous fluid 45 - changing - consequent -- 
attenuation of vibrationproofing mounting 12a a law a property changes The 
viscosity of this viscous fluid is controlled by the control system 19 prepared in the 
exterior of vibrationproofing mounting 12a. 

[0031] Next, the viscous fluid 45 which constitutes the fluid buffer system of this 
example is explained. Viscous fluid 45 is as above-mentioned electrorheological 
fluid from which the viscosity changes corresponding to the change of potential 
impressed to viscous fluid. In the state as it is, although this electrorheological fluid 
is the colloidal solution with a fluidity, if severalkV [/mm ] electric field are applied, it 
will lose a fluidity in proportion to field strength, and will change to the state near a 
solid-state depending on the kind of electrorheological fluid. Furthermore, the 
speed of response of the viscous change in electrorheological fluid is about 0.1 
sees, for example, has the speed of response easily applicable to the projection 
aligner of stepper type and step - and - scanning method. 
[0032] As this electrorheological fluid, the distributed type thing which distributed 
the particle of electric polarization nature, and the liquid crystal type thing which 
used liquid crystal recently are in the fluid of insulation, such as a silicone oil. 
Although distributed type electrorheological fluid is cheap in price, there is a fault 
which the distributed particle separates out of a solution, a field where a particle 
does not separate liquid crystal type electrorheological fluid, in addition the ER 
effect is extinguished with distributed type electrorheological fluid to it and where a 
shear rate is high -- even when - although there is an advantage - the ER effect is 
not lost -- there is a difficulty that it is high in price Various kinds of fluids are 
already marketed as the above electrorheological fluid from each maker, such as 
Asahi Chemical Industry, Nippon Oil, NIPPON SHOKUBAI, Japanese 
MEKUTORON, Dow Corning, and Toray Industries. 

[0033] As viscous fluid 45, change of coefficient of viscosity is [ from / especially ] 
large among the above electrorheological fluid, it is rapid response, power 
consumption is small, it excels in the dispersibility of a particle, and operation 
temperature chooses a product cheap in price widely. Next, it explains per 
operation of the stage equipment of this example, the oscillation characteristic of 
vibrationproofing mounting 12a which drawing 3 shows the ** type view for 
explaining the oscillating model of vibrationproofing mounting 12a used by this 
example, is arranged in this drawing 3 between the aligner main part 1 1 and the 
base plate 13 which is the installation side of an aligner, and supports the aligner 
main part 1 1 -- the spring of drawing 2 -- spring constant [ of a member 20 ] K, and 
periodic damping -- the dumping coefficient C based on the viscous-drag 
coefficient of the viscous fluid 45 which is a member is determined 
[0034] this example -- a spring - spring constant K of a member 20 is fixed 
Therefore, the oscillation characteristic of vibrationproofing mounting 12a is 
changed by changing the dumping coefficient C based on the viscous-drag 
coefficient of viscous fluid 45 **. In this example, electrorheological fluid is used as 



viscous fluid 45. By controlling the applied voltage to viscous fluid now, the 
electrorheological fluid which can change the coefficient of viscosity of viscous fluid 
45 by the ratio of 10 times or more is available, and can control the height of the 
peak of the resonance scale factor in the resonant frequency in a low frequency 
region, and the transmissibility of vibration in an inside RF region by applying such 
electrorheological fluid. 

[0035] As mentioned above, it does not need to be satisfied [ with this time ] of two 
functions of quick attenuation ** of vibration generated inside reduction and (b) 
equipment of the oscillating transfer from a (b) floor line required as a 
vibrationproofing base of an aligner. It is the time when the pattern of a reticle 1 
bakes on a wafer 4 at, and is exposed, the time of various kinds of optical 
alignment operation, etc. that the function of a (b) is needed for the maximum. 
Moreover, it is the acceleration-and-deceleration time of the reticle stage 2 at the 
time of moving a wafer stage and a reticle stage 2 at high speed, and a wafer 
stage that the function of a (b) becomes important. 

[0036] Drawing 8 shows the graph for explaining the drive of the wafer stage in the 
stepper type projection aligner of this example, and the timing of exposure, Time t 
is shown in the horizontal axis and the speed VW of a wafer stage is shown in the 
vertical axis. First, a wafer stage accelerates in a period 71, uniform operation is 
performed between periods 72, and a wafer stage is slowed down in a period 73. 
The period 75 when the very small range is positioned in the period 74 just behind 
it in, and it is stood still after the end is the exposure time. The total time 76 is the 
sum of the above periods 71-75, and a drive and exposure of a wafer stage are 
repeated this period. Moreover, the speed VW on a vertical axis shows the highest 
drive speed of a wafer stage. 

[0037] If it is made a setup which changes the periodic-damping property of the 
vibrationproofing mountings 12a and 12b to two kinds in the stage equipment of 
this example there and will think from the function of an aligner, it can consider as 
the vibrationproofing base with which it is satisfied of both two functions, a (b) and 
a (b), as a result, namely, the period 75 which is the exposure time -- only setting -- 
rigidity -- "-- soft -- " - it carries out Namely, what is necessary is just to make 
viscosity of viscous fluid 45 small. Thereby, the oscillating transfer from the 
equipment outside is intercepted mostly. If it carries out that it cooks of the rigidity 
in "" to the time in connection with the acceleration slowdown of other stages, 
vibration generated by acceleration slowdown can be ****(ed) quickly enough. 
[0038] By the way, although such time management is performed by the control 
system 19 of drawing 2 which controls the whole aligner, a sensor special for 
property change of the vibrationproofing mountings 12a and 12b of this example is 
not needed. Namely, what is necessary is to emit a control signal according to the 
operation situation of an aligner from a control system 19, and just to control the 
applied voltage to viscous fluid 45. Therefore, according to the stage equipment of 
this example, the function which is very cheap cost compared with an active 
vibrationproofing base, and an active vibrationproofing base has can be attained. 
[0039] Furthermore, the drive of stages, such as the reticle stage 2 in an aligner 
and a wafer stage, and the combination of a halt are not necessarily applied only in 
exposure operation, and are applied also in operation of delivery with the handler 
at the time of exchange of various kinds of optical alignment operation, a wafer 4, 
and reticle 1 grade etc. As for a control parameter called the drive speed and 
acceleration of a stage according to each case, differing is common, therefore, the 
"rigidity" which should be set as the vibrationproofing mountings 12a and 12b "-- 



soft/-- it is hard -- it is desirable several step story and that change of the set point 
of 4 - 5 stage can be performed not only according to two stages of " but according 
to each case if it may be able to do By the method to which the viscosity of the 
viscous fluid 45 of this example is changed, since the rigidity can be continuously 
changed by predetermined within the limits, two or more of these set points can be 
easily set up by the control system 19. 

[0040] Next, other examples of the stage equipment by this invention are explained 
with reference to drawing 4 . Drawing 4 shows the ** type view for explaining the 
oscillating model of vibrationproofing mounting 21a of this example, 
vibrationproofing mounting 12a [ in / the example of drawing 1 / in this example ] -- 
replacing with -- dumping coefficient C 1 the spring which it is fixed and is a thing 
using vibrationproofing mounting 21a to which a spring constant can be changed, 
and was united with the fluid buffer system by viscous fluid 45A as shown in 
drawing 4 -- a member -- 20A adding -- the near -- a piece or two or more 
springs -- it has prepared free / insertion and detachment of a member 25 in this 
case, a spring -- even if it unites with the fluid buffer system by viscous fluid 45A 
and a member 25 is not, whichever is sufficient as it In addition, also in the stage 
equipment of this example, four vibrationproofing mountings are prepared like 
drawing 1 . 

[0041] drawing 4 -- setting - a piece or two or more springs -- although the end of 
a member 25 is being fixed to the base plate 13, the other end does not always 
contact in the aligner main part 11, but control which connects and releases the 
field 26 where the other end and aligner main part 1 1 face with a driving gear 27 is 
performed As a driving gear 27 which performs this connection and release 
operation, various drive systems, such as machine operation by use of 
electromagnetic force, a vacuum adsorption power, and pneumatic pressure, the 
motor, etc., can be used. Connection of a driving gear 27 and control of release are 
performed by the control system 19. Other composition is the same as the stage 
equipment of drawing 1 . 

[0042] The oscillating model of drawing 4 explains operation of vibrationproofing 
mounting of this example briefly, in addition, the case where two or more spring 
members are prepared in vibrationproofing mounting 21a those springs -- 
although the spring constants of a member differ, respectively -- spring constant K2 
It represents and explains, namely, a spring -- the number of change by the 
combination of the number of members 25 -- spring constant K2 it shall change. In 
addition, operation of viscous fluid 45A is not controlled by the control system 19, 
but most viscous-drag coefficients of viscous fluid 45A are governed by only 
environmental temperature. Therefore, at ordinary temperature, it is the damping 
coefficient C 1 . It thinks as fixed. 

[0043] the damping property by viscous fluid 45A in which vibrationproofing 
mounting 21a has a damping property adding -- a spring -- a member spring 
constant K1 of 20A a spring - spring constant K2 of a member 25 Spring constant 
KT by combination By making it change, further many oscillation characteristic 
values can be set up as compared with the example of drawing 1 . a spring -- if the 
number of members 25 is set to n - spring constant K2 several [ of change ] -- 
combination about which P takes i pieces from n pieces nCi ** - it carries out and 
is set to (1 +nC1 +nC2+--+nCn) at the maximum 

[0044] for example, a spring -- if the number of members 25 is three -- spring 
constant K2 The number of change is set to 8 at the maximum, spring constant KT 
although change is not continuous -- the spring of the predetermined number -- 



forming a member 25 -- spring constant KT of the form almost near continuation It 
can also obtain, therefore, a spring ~ member 20A and two or more springs it 
can respond to the demand of various oscillation characteristics to stage 
equipment with the combination of a member 25 and viscous fluid 45A 
[0045] in addition this example vibrationproofing mounting 21a -- a spring 
although constituted by the combination of the spring buffer system by members 
20A and 25, and the fluid buffer system by viscous fluid 45A, there may not be a 
fluid buffer system However, it is more more effective to apply combining both 
spring buffer system and fluid buffer system. Next, another example of the stage 
equipment by this invention is explained with reference to drawing 5 . that to which 
this example changes the spring constant of vibrationproofing mounting like the 
example of drawing 4 -- it is - a spring constant -- K3 a spring - a member the 
spring buffer system and the damping coefficient C 2 by 20B The vibrationproofing 
mounting 30 of the assistance which used the actuator 31 of a voice coil motor 
(henceforth "VCM") method near the vibrationproofing mounting 28a which 
consists of fluid buffer systems by viscous fluid 45B is formed. In addition, also in 
the stage equipment of this example, four vibrationproofing mountings are 
prepared like the example of drawing 1 . 

[0046] The vibrationproofing mounting 30 of the assistance by which the lower part 
was fixed to the base plate 13 near the vibrationproofing mounting 28a as drawing 
5 showed the ** type view for explaining the oscillating model of vibrationproofing 
mounting of this example and it was shown in drawing 5 is installed. The VCM 
actuator 31 which constitutes the vibrationproofing mounting 30 consists of magnet 
section 31b fixed to coil section 31a and vibrationproofing mounting 30a which 
were fixed to the aligner main part 1 1 , and the energization force over the aligner 
main part 1 1 changes from a base plate 13 according to the current passed to coil 
section 31a. 

[0047] The position of the aligner main part 11 is faced and established in the pars 
basilaris ossis occipitalis of the aligner main part 1 1 , and it is measured by 
position-sensor 33A which detects the position (height) of buckling-of-track section 
11a of the pars basilaris ossis occipitalis of the aligner main part 11. Position- 
sensor 33A is being fixed to the base plate 13 through support frame 38A, and the 
physical relationship of position-sensor 33A and a base plate 13 is fixed. The 
measurement value of position-sensor 33A is supplied to position gain circuit 39A, 
and the VCM actuator 31 of the auxiliary vibrationproofing mounting 30 is 
controlled by position gain circuit 39A to generate the energization force in 
predetermined gain in the direction which sets the amount of gaps of the 
measurement value of position-sensor 33A to 0. And in this example, when a 
control system 19 changes the gain of the position in position gain circuit 39A, the 
spring constant of the VCM actuator 31 is changed indirectly. Moreover, although 
various length measurement sensors can be used as position-sensor 33A, use of a 
laser reflection type sensor, an eddy current sensor, etc. is desirable from a cost- 
side. Other composition is the same as that of the stage equipment of drawing 1 . 
[0048] Next, still more nearly another example of the stage equipment by this 
invention is explained with reference to drawing 6 . This example is what used the 
actuator of a feed screw method by motorised as vibrationproofing mounting, and 
has not prepared vibrationproofing mounting which consists of a spring buffer 
system like the above-mentioned example, and a fluid buffer system in this 
example. In addition, also in the stage equipment of this example, four 
vibrationproofing mountings are prepared like drawing 1 . 



[0049] Drawing 6 shows the ** type view for explaining the oscillating model of 
vibrationproofing mounting of this example, and vibrationproofing mounting 32a by 
which the lower part was fixed to the base plate 13 is installed in this drawing 6 . 
The actuator 34 of the electric type which constitutes the drive of vibrationproofing 
mounting 32a consists of drive-motor 34b turning around thread-part 34a screwed 
in the nut section of spindle 34c which runs against field 26A which the aligner 
main part 1 1 counters, and this spindle 34c, and this thread-part 34a etc. It is fixed 
to a base plate 13 and the pars basilaris ossis occipitalis of vibrationproofing 
mounting 32a has composition which absorbs the vibration from the aligner main 
part 11. 

[0050] The position of the aligner main part 1 1 is measured like the stage 
equipment of drawing 5 by position-sensor 33A which detects the position of 
buckling-of-track section 1 1a of the pars basilaris ossis occipitalis of the aligner 
main part 1 1 . The measurement value of position-sensor 33A is supplied to 
position gain circuit 39B, and position gain circuit 39B controls the energization 
force over the aligner main part 11 of an actuator 34 by position gain to set the 
amount of gaps of the measurement value of position-sensor 33A to 0. Also by this 
example, a control system 19 adjusts the position gain in the position gain circuit 
39B, and changes the spring constant in an actuator 34. Other composition is the 
same as the stage equipment of drawing 1 . 

[0051] Unlike the VCM actuator 31 of drawing 5 , the actuator 34 which consists of 
the feed screw and drive motor of this example is independently applicable also to 
the big equipment of a load. However, you may use together with vibrationproofing 
mounting which consists of other spring buffer systems or fluid buffer systems. 
Next, the modification of the stage equipment of drawing 5 is explained with 
reference to drawing 7 . This example allots a load cell between the 
vibrationproofing mountings 30 and the aligner main parts 1 1 of assistance of 
drawing 5 . 

[0052] Drawing 7 shows the ** type view for explaining the oscillating model of 
vibrationproofing mounting of this example, and the load cell 35 is arranged in 
drawing 7 between the base of the aligner main part 1 1 , and the upper surface of 
the outer case of the vibrationproofing mounting 30 which has the VCM actuator 
31. The measured value of the load from a load cell 35 is supplied to drive circuit 
39C, and the measurement result of the position from position-sensor 33A is also 
supplied to drive circuit 39C. Drive circuit 39C controls the energization force of the 
VCM actuator 31 to make into a predetermined value the spring constant which is 
the load detected by the load cell 35, i.e., the value which **(ed) the force in the 
amount of gaps (variation rate) detected by displacement-sensor 33A. Moreover, a 
control system 19 makes the value of the spring constant in the drive circuit 39C 
change if needed. Other composition is the same as that of the stage equipment of 
drawing 5 . 

[0053] The oscillating model of drawing 7 explains operation of vibrationproofing 
mounting of this example briefly, the damping property by viscous fluid 45B in 
which vibrationproofing mounting of this example has a damping property -- adding 
a spring -- a member - spring constant K3 of 20B the spring of the VCM actuator 
31 which constitutes the auxiliary vibrationproofing mounting 30 -- constant - 
several kA Spring constant KT by combination Various damping properties can be 
set up by making it change. 

[0054] If the force concerning a load cell 35 is made into applied force F and the 
amount of gaps of the position of the aligner main part 1 1 measured by position- 



sensor 33A is made into a variation rate delta x, the value (F/delta x) which **(ed) 
applied force F by delta x is equivalent to the usual spring constant, when the VCM 
actuator 31 is regarded as a spring material, therefore, a spring constant 
several kA (F/delta x) it is -- a spring - constant several kA What is necessary 
is just to change the applied force F to the same variation rate delta x into 
changing, therefore, the thing for which the current passed to coil 31a by the 
control system 19 is controlled the spring of the VCM actuator 31 - constant 
several kA It is changeable. 

[0055] It is the spring constant KT of the whole stage equipment only by controlling 
the VCM actuator 31 by drive circuit 39C electrically, since the vibrationproofing 
mounting 30 of assistance by the VCM actuator 31 is formed according to the 
method of this example. It can be made to be able to change broadly and can 
respond to the demand of various oscillation characteristics to stage equipment. 
According to the stage equipment by the above example, vibrationproofing 
mounting which consists of a spring buffer system and a fluid buffer system can be 
installed between the base plates 13 used as the aligner main part 1 1 and the 
installation side of an aligner, vibration from which various [, such as vibration 
accompanying movement of the reticle stage 2 of an aligner or a wafer stage and 
vibration from the installation side of an aligner, ] differ can be buffered, and the 
performance of an aligner can be raised. 

[0056] In addition, you may use an air spring as a spring member in an above- 
mentioned example. Moreover, the buffer system which used air, such as for 
example, a pneumatics cylinder, as a fluid buffer system can also be used. In 
addition, although the above-mentioned example applies the stage equipment of 
this invention to a stepper type projection aligner, it is also applicable to the aligner 
of step - which synchronizes and scans a reticle and a wafer, and - scanning 
method. 

[0057] Drawing 9 shows the graph for explaining the drive of the wafer stage of the 
aligner of step - and - scanning method, and the timing of exposure, Time t is 
shown in the horizontal axis and the speed VW of a wafer stage is shown in the 
vertical axis. As shown in drawing 9 , in a period 77, a wafer stage accelerates, 
and performs convergence to a predetermined scan speed in the period 78 just 
behind it, and exposure is performed in the period 79 when a scan speed becomes 
fixed. The wafer stage between periods 79 is a scan speed VW2. It moves. After 
exposure is completed, a wafer stage is slowed down in a period 80. In the period 
81 just behind it, positioning to the scanning starting position of the following 
exposure shot is performed. The total time 82 is the sum of the above periods 77- 
81 , and a drive and exposure of a wafer stage are repeated this period. 
[0058] the period 79 which is the exposure time like stepper type stage equipment - 
- only setting -- rigidity -- "- soft " what is necessary is just to carry out If it 
carries out that it cooks of the rigidity in "" to the time in connection with the 
acceleration slowdown of other stages, vibration generated by acceleration 
slowdown can be ****(ed) quickly enough. Moreover, in the above-mentioned 
example, although the helical compression spring is used as a spring member, you 
may use flat spring, a griddle, etc. 

[0059] Thus, this invention is not limited to the above-mentioned example, but can 
take composition various in the range which does not deviate from the summary of 
this invention. 
[0060] 

[Effect of the Invention] According to the 1st stage equipment of this invention, 



according to the move state of a movable object, the oscillation characteristic of a 
periodic-damping means can be changed by the damping-property adjustable 
means, and the periodic-damping property of stage equipment can be changed. 
When it seems that he does not want to follow, for example, to transmit the < 
vibration from the stage equipment outside to stage equipment, the rigidity of a 
periodic-damping means is set up small, and on the other hand, it can respond by 
making rigidity of a periodic-damping means high to converge quickly the vibration 
inside equipment which is followed on movement of a movable object. 
[0061] Moreover, according to the 2nd stage equipment of this invention, two 
functions of quick attenuation ** of vibration generated inside reduction and (b) 
equipment of the oscillating transfer from a (b) floor line required at an exposure 
time and the time of movement of a substrate stage as stage equipment of an 
aligner can both be satisfied to cheap cost. Furthermore, only in exposure 
operation, it is necessary to take the oscillation characteristic of a substrate stage 
into consideration also in operation of delivery with the handler at the time of 
exchange of various kinds of optical alignment operation, a mask, a sensitization 
substrate, etc. According to the 2nd stage equipment of this invention, two or more 
of these set points can be easily set up by the damping-property adjustable means. 
[0062] In the 1st of this invention, and the 2nd stage equipment moreover, one 
predetermined piece or two or more predetermined periodic-damping meanses In 
having the movable object arranged in predetermined viscous fluid, respectively, 
and a damping-property adjustable means' changing the viscous-drag coefficient of 
viscous fluid and changing a damping coefficient For example, when ER (Electro 
Reological) fluid from which a viscous-drag coefficient changes with field strength 
as viscous fluid is used, The viscous-drag coefficient of viscous fluid can change 
from the power supply prepared outside only by controlling the voltage energized 
to viscous fluid by the damping-property adjustable means, a damping coefficient 
can change in connection with it, and the periodic-damping property of a periodic- 
damping means can be controlled according to the move state of a substrate stage 
as a result. Furthermore, a periodic-damping property can be continuously 
changed in the predetermined range. 

[0063] Moreover, if it inserts [ members / spring / two or more ] between an 
installation side and the base in changing a spring constant by inserting / members 
/ spring / a piece or / two or more ] between an installation side and the base to the 
periodic-damping means and parallel from which a damping-property adjustable 
means is set as the adjustable object of a damping property, a periodic-damping 
property can be switched to two or more step story with very simple composition. 
[0064] Moreover, when changing a spring constant with an electric actuator, it is 
simple in mechanism, furthermore, a perfect active vibrationproofing base -- like -- 
a variation rate - complicated control is not performed according to detection 
values, such as a sensor, but since only the control which only changes the value 
of the gain, force / variation rate of a position feedback is sufficient, a control circuit 
has the advantage which is not complicated so much 

TECHNICAL FIELD 



[Industrial Application] this invention is applied to the stage equipment of the 
aligner which bakes and exposes the pattern on a mask to sensitization substrates, 
such as a wafer with which especially sensitive material was applied, about the 



stage equipment which has the inhibition mechanism of a shake or vibration, and is 
suitable. 

PRIOR ART 

In the aligner used for the integrated circuit of the former, for example, a 
semiconductor, or manufacture of a liquid crystal display element, it being 
necessary to imprint with high precision, and suppressing the shake and vibration 
by the mask or the substrate as much as possible on the substrates (a wafer, glass 
plate, etc.) by which the pattern on masks (reticle etc.) was applied to the 
photoresist is called for. 

[0003] Therefore, composition by which the whole equipment is carried on a 
vibrationproofing base a deflection and for the purpose of reduction of transfer of 
vibration with this kind of equipment from before is taken. The example is 
explained with reference to drawing 10 . Drawing 10 shows the outline block 
diagram of an example of the conventional aligner, and sets it to this drawing 10 . 
The reticle stage 2 which lays the wafer stage WS in which the wafer 4 was laid, a 
projection optical system 3, and a reticle 1, the lighting optical system EL And the 
aligner main part 1 1 which consists of surface plate 9 grade which supports the 
columns 22 and 23 which support those members, and columns 22 and 23 is 
supported by three pieces or four vibrationproofing mountings which have been 
arranged at the pars basilaris ossis occipitalis of the aligner main part 1 1 . In 
drawing 10 , only two vibrationproofing mountings 52a and 52b are shown among 
those. In addition, the control rack 28 with which the control system which controls 
the handler which is not illustrated [ which performs receipt and supply of the 
lighting optical system EL, a reticle stage 2, the wafer stage WS and a wafer 4, or a 
reticle 1 ] was contained is arranged in somewhere else [ the aligner main part 1 1 ]. 
[0004] The vibrationproofing mountings 52a and 52b are being fixed so that a 
mutual position may not shift on a base plate 13. These vibrationproofing 
mountings 52a and 52b are usually constituted by the combination of a spring 
material and periodic-damping material. A vibrationproofing system as shown in 
this drawing 10 can be called vibrationproofing system passive so to speak into 
which vibration-proof ability is not changed according to a vibrational state or the 
states (posture etc.) of equipment. Generally such vibrationproofing bases are 
called "passive vibrationproofing base." 

[0005] Drawing 11 is the outline block diagram showing another example of the 
conventional aligner, and the aligner main part 11 is supported by two or more 
vibrationproofing mountings like the above-mentioned example in this drawing 11 . 
Drawing 1 1 shows two vibrationproofing mountings 61a and 61b among those. The 
vibrationproofing mountings 61a and 61b of the aligner of drawing 1 1 use an air 
spring (air damper). It has the positive pressure source of supply 62 of 3 - 10 
kgf/cm2 (gage pressure) in the exterior of an aligner, and the air spring is 
constituted by sending in air through pneumatic piping 65a and 65b, respectively in 
the air chamber sealed by the rubber prepared in the vibrationproofing mountings 
61a and 61b. 

[0006] In addition, flow control valves 63a and 63b are formed just before the inlet 
of the air of the vibrationproofing mountings 61a and 61b, respectively. These flow 
control valves 63a and 63b are interlocked with the level sensors 64a and 64b 
which are interval measurement machines, such as a mechanical cable type which 
detects the posture of the aligner main part 1 1 , or an electric type, respectively, 



and operate. Namely, by change of the posture of the aligner main part 1 1 , the flow 
rate of the air supplied to each vibrationproofing mountings 61a and 61b can be 
changed, and the posture of the aligner main part 1 1 can be uniformly held now as 
a result. Other parts are the same as drawing 10 . The vibrationproofing mountings 
61a and 61b of this example as well as the example of drawing 10 are called 
"passive vibrationproofing base." 

[0007] On the other hand, sensors, such as an accelerometer or a displacement 
gage, detect the vibrational state of the exterior or the interior on real time, and the 
"active vibrationproofing base" which fluctuates the performance of 
vibrationproofing mounting positively is used increasingly recently. 

EFFECT OF THE INVENTION 



According to the 1st stage equipment of this invention, according to the move state 
of a movable object, the oscillation characteristic of a periodic-damping means can 
be changed by the damping-property adjustable means, and the periodic-damping 
property of stage equipment can be changed. When it seems that he does not 
want to follow, for example, to transmit the vibration from the stage equipment 
outside to stage equipment, the rigidity of a periodic-damping means is set up 
small, and on the other hand, it can respond by making rigidity of a periodic- 
damping means high to converge quickly the vibration inside equipment which is 
followed on movement of a movable object. 

[0061] Moreover, according to the 2nd stage equipment of this invention, two 
functions of quick attenuation ** of vibration generated inside reduction and (b) 
equipment of the oscillating transfer from a (b) floor line required at an exposure 
time and the time of movement of a substrate stage as stage equipment of an 
aligner can both be satisfied to cheap cost. Furthermore, only in exposure 
operation, it is necessary to take the oscillation characteristic of a substrate stage 
into consideration also in operation of delivery with the handler at the time of 
exchange of various kinds of optical alignment operation, a mask, a sensitization 
substrate, etc. According to the 2nd stage equipment of this invention, two or more 
of these set points can be easily set up by the damping-property adjustable means. 
[0062] Moreover, when it has the movable object with which one predetermined 
piece or two or more predetermined periodic-damping meanses have been 
arranged in predetermined viscous fluid, respectively in the 1st of this invention, 
and the 2nd stage equipment, a damping-property adjustable means changes the 
viscous-drag coefficient of viscous fluid and it changes a dumping coefficient, it is 
field strength as viscous fluid. When ER (Electro Reological) fluid from which a 
viscous-drag coefficient changes is used, the viscous-drag coefficient of viscous 
fluid can change from the power supply prepared outside only by controlling the 
voltage energized to viscous fluid by the damping-property adjustable means, a 
dumping coefficient can change in connection with it, and the periodic-damping 
property of a periodic-damping means can be controlled according to the move 
state of a substrate stage as a result. Furthermore, a periodic-damping property 
can be continuously changed in the predetermined range. 
[0063] Moreover, if it inserts [ members / spring / two or more ] between an 
installation side and the base in changing a spring constant by inserting / members 
/ spring / a piece or / two or more ] between an installation side and the base to the 
periodic-damping means and parallel from which a damping-property adjustable 
means is set as the adjustable object of a damping property, a periodic-damping 



property can be switched to two or more step story with very simple composition. 
[0064] Moreover, when changing a spring constant with an electric actuator, it is 
simple in mechanism, furthermore, a perfect active vibrationproofing base - like 
a variation rate - complicated control is not performed according to detection 
values, such as a sensor, but since only the control which only changes the value 
of the gain, force / variation rate of a position feedback is sufficient, a control circuit 
has the advantage which is not complicated so much 

TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, the need of controlling a 
shake and vibration still more precisely especially at the latest aligner is imminent, 
and the vibrationproofing base which is satisfied [ with the above-mentioned 
conventional technology ] of a performance side and a price side is not obtained. 
That is, in addition to the shake and vibration from the exterior, especially a floor 
line, in an aligner, you have to take into consideration the shake and vibration 
accompanying operation of the stage which moves exposed members, such as a 
wafer, or masks (reticle etc.) at high speed. At the time of acceleration of this 
stage, and a slowdown, big reaction force is applied to an aligner from the relation 
of operation reaction. This reaction force serves as an oscillating generation source 
of the main part of equipment on a vibrationproofing base. Physically, without 
changing an equipment configuration a lot, it is quite difficult to make this 
generating vibration into zero, and comes back to what "a periodic-damping 
performance is enlarged as much as possible, and vibration is attenuated for as 
quickly as possible" as a coping-with method. 

[0009] When the above is arranged, it will be called two points of quick attenuation 
** of vibration generated as a required function of a vibrationproofing base required 
for an aligner inside reduction and (b) equipment of the oscillating transfer from a 
(b) floor line. However, coexistence is a difficult function when these two points are 
considered from the requirement side of a vibrationproofing base, namely, as weak 
as much as possible as the ground or a floor line, in order to attain reduction of the 
oscillating transfer from a (b) floor line - it connects, and it is necessary to prepare 
rigid weak "soft vibrationproofing base" for example, and, in other words, an air 
spring formula vibrationproofing base is equivalent to this On the other hand, in 
order to attain quick attenuation of vibration generated inside (b) equipment, it is 
necessary to realize strong rigid "hard vibrationproofing base" where an aligner 
main part can vibrate united with the ground or a floor line. In order to satisfy the 
latter performance, a vibrationproofing base which made the rigid big mechanical 
spring the component, or a thing like a rubber vibration insulator will be applied. 
[0010] although the above-mentioned passive vibrationproofing base by the Prior 
art for example, has the advantage from which a thing appropriate at a 
comparatively cheap price is obtained by present also by the case of the 
vibrationproofing base which it is a low price, and did not reach for saying in simple 
rubber vibration insulator use, but used the air spring, it is difficult for fully satisfying 
the vibrationproofing function made required for the aligner described above 
Moreover, a sensor is installed within and without equipment and another active 
vibrationproofing base can build a vibrationproofing system with which it is made to 
satisfy both two functions that are the above-mentioned (b) and a (b), and is fully 
satisfied of various military requirements by oscillating control based on this 
detecting signal. However, while various sensors with sufficient precision are 



required, it is necessary to constitute an electronic circuitry quite complicated as a 
controller which controls vibrationproofing mounting. Therefore, the equipment of 
high cost is needed, and considering what can be applied to the highly efficient 
aligner demanded especially today, by present, it becomes high cost, so that profit 
cannot be taken. 

[001 1] this invention aims at offering the stage equipment of a low cost to which 
both two functions of quick attenuation ** of reduction of the oscillating transfer 
from a (b) floor line and vibration generated inside (b) equipment are satisfied in 
view of this point. 

MEANS 



[Means for Solving the Problem] The 1st stage equipment of this invention is 
characterized by providing the following to the stage equipment with which the 
movable object (6 7) was laid on the base (9). Two or more three or more periodic- 
damping meanses to attenuate vibration between the installation side (13) and its 
base (9) while supporting the base (9) on the installation side (13) of the stage 
equipment, respectively (12a, 12b) A damping-property adjustable means to 
change either [ at least ] the spring constant of one predetermined piece or two or 
more predetermined periodic-damping meanses in two or more of the periodic- 
damping meanses (12a, 12b), or a dumping coefficient according to the move state 
of the movable object (6 7) (19) 

[0013] Moreover, the 2nd stage equipment of this invention has the base (9) in 
which the substrate stage (6 7) which moves a sensitization substrate (4) two- 
dimensional, and this substrate stage (6 7) are laid, and is characterized by 
providing the following to the stage equipment for aligners which exposes a mask 
pattern on the sensitization substrate (4). Two or more three or more periodic- 
damping meanses to attenuate vibration between the installation side (13) and its 
base (9) while supporting the base (9) on the installation side (13) of the stage 
equipment, respectively (12a, 12b) A damping-property adjustable means to 
change either [ at least ] the spring constant of one predetermined piece or two or 
more predetermined periodic-damping meanses in two or more of the periodic- 
damping meanses (12a, 12b), or a dumping coefficient according to the move state 
of the substrate stage (6 7) (19) 

[0014] In the 1st of this invention, and the 2nd stage equipment moreover, an 
example of the one predetermined piece or two or more predetermined periodic- 
damping meanses (12a, 12b) It has the movable object (42a, 42b) arranged in 
predetermined viscous fluid (45), respectively, and it is desirable for the damping- 
property adjustable means (19) to change the viscous-drag coefficient of the 
viscous fluid (45), and to change a dumping coefficient in this case. 
[0015] Moreover, other examples of the damping-property adjustable means (19) 
change a spring constant by inserting [ member / (25) / spring ] between the 
installation side (13) and its base (8) in parallel with the periodic-damping means 
(12a, 12b) set as the adjustable object of a damping property. Moreover, another 
example of a means to change the spring constant is a means to change the 
spring constant which the gain of a position feedback is changed, for example, a 
spring constant is changed indirectly, or is directly expressed with the energization 
force / change, when an electric actuator (31; 34) is used. 



OPERATION 



[Function] According to the 1st stage equipment of this this invention, according to 
the move state of a movable object (6 7), the spring constant or dumping 
coefficient of a periodic-damping means (12a, 12b) can be changed by the 
damping-property adjustable means (19), and the periodic-damping property of 
stage equipment can be changed. When it seems that he does not want to follow, 
for example, to transmit the vibration from the stage equipment outside to stage 
equipment, a spring constant can be made small and it can respond. On the other 
hand, it can respond by making high rigidity of stage equipment, such as enlarging 
a dumping coefficient, to converge quickly the vibration inside equipment which is 
followed on movement of a movable object (6 7). 

[0017] Moreover, according to the 2nd stage equipment of this invention, two 
functions of quick attenuation ** of vibration generated inside reduction and (b) 
equipment of the oscillating transfer from a (b) floor line required as stage 
equipment of an aligner can both be satisfied to cheap cost. As mentioned above, 
it does not need to be satisfied [ with this time ] of two functions required as stage 
equipment of an aligner. It is the time when the pattern of a mask (1) bakes on a 
sensitization substrate (4) at, and is exposed, the time of various kinds of optical 
alignment operation, etc. that the function which is (**) is needed for the maximum. 
Moreover, it is the acceleration time and the deceleration time of a substrate stage 
(6 7) in the time of stepping to which a substrate stage (6 7) is moved at high 
speed that the function of (**) becomes important 

[0018] If it is made a setup which changes the periodic-damping property of a 
periodic-damping means (12a, 12b) to two kinds for example, in stage equipment 
there and will think from the function of an aligner, it can consider as the stage 
equipment with which it is satisfied of both two functions, a (b) and a (b), as a 
result, namely, the exposure time - only setting - rigidity -- "-- soft » " -- what is 
necessary is just to carry out If it carries out that it cooks of the rigidity in "" to the 
time in connection with the acceleration slowdown of other stages, **** (setting) of 
the vibration generated by acceleration slowdown can be carried out quickly 
enough. 

[0019] By the way, although such time management is performed by the damping- 
property adjustable means (19), a sensor and a control section special for setting 
change of this periodic-damping means (12a, 12b) are not needed. Namely, what 
is necessary is to emit a control signal according to the operation situation of an 
aligner from a damping-property adjustable means (19), for example, just to control 
operation of viscous fluid (45). Therefore, according to the 2nd stage equipment of 
this invention, the function which is very cheap cost compared with the above- 
mentioned active vibrationproofing base, and an active vibrationproofing base has 
can be attained. 

[0020] Furthermore, the drive of the stage equipment in an aligner and the 
combination of a halt are not necessarily applied only in exposure operation, and 
are applied also in operation of delivery with the handler at the time of exchange of 
various kinds of optical alignment operation, a mask (1), a sensitization substrate 
(4), etc. As for a control parameter called the drive speed and acceleration of a 
substrate stage (6 7) according to each case, differing is common, therefore, the 
"rigidity" which should be set as a periodic-damping means (12a, 12b) -- "-- soft/-- it 



is hard — it is desirable several step story and that change of the set point of 4 - 5 
stage can be performed not only according to two stages of " but according to each 
case if it may be able to do According to the 2nd stage equipment of this invention, 
two or more of these set points can be easily set up by the damping-property 
adjustable means (19). 

EXAMPLE 



Hereafter, one example of the stage equipment by this invention is explained with 
reference to drawing 1 - drawing 3 , and drawing 8 . this example applies this 
invention to the projection aligner of the step-and-repeat method which reduces the 
pattern on a reticle by the projection optical system, and is exposed to each shot 
field on a wafer. 

[0022] In this drawing 1 , the outline composition of the projection aligner of this 
example is shown, the lighting light IL for exposure injected from the lighting optical 
system EL is irradiated by the lighting field on a reticle 1, the circuit pattern drawn 
in the lighting field is reduced through a projection optical system 3, and drawing 1 
is imprinted by the front face of a wafer 4. As a lighting light IL, laser beams, such 
as others and KrF excimer laser light, ArF excimer laser light, etc., are used. [ 
bright lines / (i line with a wavelength of 365nm, g line with a wavelength of 436nm, 
etc.) /, such as a mercury lamp, ] Here, in drawing 1 , the Z-axis is taken in parallel 
with the optical axis AX of a projection optical system 3, and the X-axis is taken in 
the space of drawing 1 within a flat surface perpendicular to the optical axis AX at 
right angles to the space of a Y-axis and drawing 1 in parallel. 
[0023] In drawing 1 , vacuum adsorption of the reticle 1 on which the circuit pattern 
was drawn is carried out on a reticle stage 2, and this reticle stage 2 positions a 
reticle 1 to the direction of X, the direction of Y, and a hand of cut (the direction of 
theta) within a two-dimensional flat surface (XY flat surface) perpendicular to the 
optical axis AX of a projection optical system 3. The position coordinate in the two- 
dimensional flat surface of a reticle stage 2 is always detected with the resolution 
of about 0.01 micrometers by the laser interferometer arranged on the outskirts of 
a move mirror and the outskirts on the non-illustrated reticle stage 2. 
[0024] As shown in drawing 1 , a wafer 4 is held by vacuum adsorption on a non- 
illustrated wafer electrode holder, and the wafer electrode holder is being fixed on 
Z stage 5. Moreover, Z stage 5 is laid on the X stage 6 where only the length for a 
diameter of the greatest wafer exposed by this projection aligner can move in the 
direction of X, and the X stage 6 is laid on the Y stage 7 where only the length for a 
diameter of the greatest wafer can move in the direction of Y. A wafer stage 
consists of these Z stages 5, an X stage 6, a Y stage 7, and wafer base 8 grade. 
[0025] It drives by the motor 15 through a feed screw 14, and moves in the 
direction of Y relatively to the wafer base 8, and the Y stage 7 is driven by the 
motor 16 through a non-illustrated feed screw, and moves in the direction of X 
relatively to the Y stage 7 on the X stage 6. Moreover, by the non-illustrated 
mechanical component, to the image formation side of a projection optical system 
3, Z stage 5 can incline in the arbitrary direction, and can be moved slightly in the 
optical-axis AX direction (Z direction). Moreover, surrounding rotation of an optical 
axis AX is also possible for Z stage 5. 

[0026] Furthermore, the firm measurement of the X coordinate and Y coordinate of 
Z stage 5 is carried out by the move mirror fixed on Z stage 5, and the laser 
interferometer of the non-illustrated exterior. Furthermore, the focal position 



detection system of the oblique incidence method which consists of irradiation 
optical system which projects images, such as a pinhole or a slit pattern, aslant to 
an optical axis AX towards the exposure side of the wafer 4 near the image 
formation side of a projection optical system 3 although not illustrated, and light- 
receiving optical system which carries out re-image formation of the image from the 
projected reflected light bunch from an image is prepared. The position of the Z 
direction of the front face of a wafer 4 is detected by this focal position detection 
system, and auto-focusing is performed so that the front face of a wafer 4 may 
agree in the image formation side of a projection optical system 3 based on the 
detection information. 

[0027] The aligner main part 1 1 which consists of surface plate 9 grades which 
support Z stage 5, the X stage 6, the Y stage 7 and the wafer stage that consists of 
wafer base 8 grades, the lighting optical system EL, a projection optical system 3, 
a reticle stage 2, the columns 22 and 23 that support those devices, and columns 
22 and 23 as mentioned above is installed after four vibrationproofing mountings. 
Drawing 1 shows only two vibrationproofing mountings 12a and 12b. The 
vibrationproofing mountings 12a and 12b are being fixed so that a mutual position 
may not shift on a base plate 13. About the vibrationproofing mountings 12a and 
12b, it mentions later in detail. In addition, the aligner main part 11 is equipped also 
with the alignment system which is not illustrated for in addition to this performing 
alignment of a reticle 1 and a wafer 4. 

[0028] Moreover, the control system 19 (refer to drawing 2 ) contained in the 
control rack 28 of the equipment exterior also controls operation of the 
vibrationproofing mountings 12a and 12b while controlling the handler which is not 
illustrated [ which performs receipt and supply of the lighting optical system EL, a 
reticle stage 2, a wafer stage and a wafer 4, or a reticle 1 ]. Next, vibrationproofing 
mounting 12a is explained with reference to drawing 2 . The same is said of 
vibrationproofing mounting 12b and other vibrationproofing mountings. In addition, 
the structure from which the oscillating absorbent system according [ 
vibrationproofing mounting 12a ] to a spring member and the oscillating absorbent 
system by viscous fluid constitute the oscillating absorbent system according the 
structure which constitutes the oscillating absorbent system by the spring member 
on account of following explanation to a spring buffer system and viscous fluid by 
becoming integral construction is explained as a fluid buffer system. 
Vibrationproofing mounting 12a of this example is the structure which consists of a 
spring buffer system and a fluid buffer system. 

[0029] the cross section in which drawing 2 shows the internal configuration of 
vibrationproofing mounting 12a of this example - it is -- this drawing 2 setting a 
crowning -- a member 43 is a portion connected to the aligner main part 1 1 of 
drawing 1 , and the inferior-surface-of-tongue side of a case 44 is being fixed to the 
base plate 13 of drawing 1 the spring which constitutes the spring buffer system of 
this example in the center section of the lid 48 of a case 44 -- the end of a member 
20 is fixed - having -- a spring -- the other end of a member 20 -- a crowning -- it is 
fixed to the member 43 moreover, a crowning two or more wing-like members ( 
drawing 2 shows only two-piece 42a of them, and 42b) which constitute the fluid 
buffer system of this example in a member 43 -- a spring - as a member 20 is 
surrounded, it is attached -- having -- **** -- a crowning - each pedicel 49a and 
49b of the wing-like members 42a and 42b fixed to the member 43 is ****(ed) to 
opening of a lid 48 

[0030] The viscous fluid 45 which constitutes the principal part of the fluid buffer 



system of this example is filled up into container 50a of the shape of a thick 
cylinder within a case 44 with the state where leak and there is nothing, and the 
wing portion of the wing-like members 42a and 42b is dipped into viscous fluid 45. 
Moreover, the electrode 46 of a couple was formed in the front face of a case 44, 
and these electrodes 46 have flowed with viscous fluid 45. if the voltage impressed 
between the electrodes 46 of a couple is changed from the power supply which the 
viscous fluid 45 used here is an ER (Electro Reological) fluid from which viscosity 
changes corresponding to the change of potential as mentioned later, and was 
prepared outside -- the viscosity of viscous fluid 45 -- changing -- consequent - 
attenuation of vibrationproofmg mounting 12a -- a law a property changes The 
viscosity of this viscous fluid is controlled by the control system 19 prepared in the 
exterior of vibrationproofmg mounting 12a. 

[0031] Next, the viscous fluid 45 which constitutes the fluid buffer system of this 
example is explained. Viscous fluid 45 is as above-mentioned electrorheological 
fluid from which the viscosity changes corresponding to the change of potential 
impressed to viscous fluid. In the state as it is, although this electrorheological fluid 
is the colloidal solution with a fluidity, if severalkV [/mm ] electric field are applied, it 
will lose a fluidity in proportion to field strength, and will change to the state near a 
solid-state depending on the kind of electrorheological fluid. Furthermore, the 
speed of response of the viscous change in electrorheological fluid is about 0.1 
sees, for example, has the speed of response easily applicable to the projection 
aligner of stepper type and step - and - scanning method. 
[0032] As this electrorheological fluid, the distributed type thing which distributed 
the particle of electric polarization nature, and the liquid crystal type thing which 
used liquid crystal recently are in the fluid of insulation, such as a silicone oil. 
Although distributed type electrorheological fluid is cheap in price, there is a fault 
which the distributed particle separates out of a solution, a field where a particle 
does not separate liquid crystal type electrorheological fluid, in addition the ER 
effect is extinguished with distributed type electrorheological fluid to it and where a 
shear rate is high -- even when -- although there is an advantage -- the ER effect is 
not lost -- there is a difficulty that it is high in price Various kinds of fluids are 
already marketed as the above electrorheological fluid from each maker, such as 
Asahi Chemical Industry, Nippon Oil, NIPPON SHOKUBAI, Japanese 
MEKUTORON, Dow Corning, and Toray Industries. 

[0033] As viscous fluid 45, change of coefficient of viscosity is [ from / especially ] 
large among the above electrorheological fluid, it is rapid response, power 
consumption is small, it excels in the dispersibility of a particle, and operation 
temperature chooses a product cheap in price widely. Next, it explains per 
operation of the stage equipment of this example, the oscillation characteristic of 
vibrationproofing mounting 12a which drawing 3 shows the ** type view for 
explaining the oscillating model of vibrationproofing mounting 12a used by this 
example, is arranged in this drawing 3 between the aligner main part 1 1 and the 
base plate 13 which is the installation side of an aligner, and supports the aligner 
main part 1 1 -- the spring of drawing 2 -- spring constant [ of a member 20 ] K, and 
periodic damping -- the damping coefficient C based on the viscous-drag 
coefficient of the viscous fluid 45 which is a member is determined 
[0034] this example - a spring -- spring constant K of a member 20 is fixed 
Therefore, the oscillation characteristic of vibrationproofing mounting 12a is 
changed by changing the damping coefficient C based on the viscous-drag 
coefficient of viscous fluid 45 **. In this example, electrorheological fluid is used as 



viscous fluid 45. By controlling the applied voltage to viscous fluid now, the 
electrorheological fluid which can change the coefficient of viscosity of viscous fluid 
45 by the ratio of 10 times or more is available, and can control the height of the 
peak of the resonance scale factor in the resonant frequency in a low frequency 
region, and the transmissibility of vibration in an inside RF region by applying such 
electrorheological fluid. 

[0035] As mentioned above, it does not need to be satisfied [ with this time ] of two 
functions of quick attenuation ** of vibration generated inside reduction and (b) 
equipment of the oscillating transfer from a (b) floor line required as a 
vibrationproofing base of an aligner. It is the time when the pattern of a reticle 1 
bakes on a wafer 4 at, and is exposed, the time of various kinds of optical 
alignment operation, etc. that the function of a (b) is needed for the maximum. 
Moreover, it is the acceleration-and-deceleration time of the reticle stage 2 at the 
time of moving a wafer stage and a reticle stage 2 at high speed, and a wafer 
stage that the function of a (b) becomes important. 

[0036] Drawing 8 shows the graph for explaining the drive of the wafer stage in the 
stepper type projection aligner of this example, and the timing of exposure, Time t 
is shown in the horizontal axis and the speed VW of a wafer stage is shown in the 
vertical axis. First, a wafer stage accelerates in a period 71, uniform operation is 
performed between periods 72, and a wafer stage is slowed down in a period 73. 
The period 75 when the very small range is positioned in the period 74 just behind 
it in, and it is stood still after the end is the exposure time. The total time 76 is the 
sum of the above periods 71-75, and a drive and exposure of a wafer stage are 
repeated this period. Moreover, the speed VW on a vertical axis shows the highest 
drive speed of a wafer stage. 

[0037] If it is made a setup which changes the periodic-damping property of the 
vibrationproofing mountings 12a and 12b to two kinds in the stage equipment of 
this example there and will think from the function of an aligner, it can consider as 
the vibrationproofing base with which it is satisfied of both two functions, a (b) and 
a (b), as a result, namely, the period 75 which is the exposure time -- only setting -- 
rigidity -- "-- soft -- " -- it carries out Namely, what is necessary is just to make 
viscosity of viscous fluid 45 small. Thereby, the oscillating transfer from the 
equipment outside is intercepted mostly. If it carries out that it cooks of the rigidity 
in "" to the time in connection with the acceleration slowdown of other stages, 
vibration generated by acceleration slowdown can be ****(ed) quickly enough. 
[0038] By the way, although such time management is performed by the control 
system 19 of drawing 2 which controls the whole aligner, a sensor special for 
property change of the vibrationproofing mountings 12a and 12b of this example is 
not needed. Namely, what is necessary is to emit a control signal according to the 
operation situation of an aligner from a control system 19, and just to control the 
applied voltage to viscous fluid 45. Therefore, according to the stage equipment of 
this example, the function which is very cheap cost compared with an active 
vibrationproofing base, and an active vibrationproofing base has can be attained. 
[0039] Furthermore, the drive of stages, such as the reticle stage 2 in an aligner 
and a wafer stage, and the combination of a halt are not necessarily applied only in 
exposure operation, and are applied also in operation of delivery with the handler 
at the time of exchange of various kinds of optical alignment operation, a wafer 4, 
and reticle 1 grade etc. As for a control parameter called the drive speed and 
acceleration of a stage according to each case, differing is common, therefore, the 
"rigidity" which should be set as the vibrationproofing mountings 12a and 12b - "- 



soft/-- it is hard it is desirable several step story and that change of the set point 
of 4 - 5 stage can be performed not only according to two stages of " but according 
to each case if it may be able to do By the method to which the viscosity of the 
viscous fluid 45 of this example is changed, since the rigidity can be continuously 
changed by predetermined within the limits, two or more of these set points can be 
easily set up by the control system 19. 

[0040] Next, other examples of the stage equipment by this invention are explained 
with reference to drawing 4 . Drawing 4 shows the ** type view for explaining the 
oscillating model of vibrationproofing mounting 21a of this example, 
vibrationproofing mounting 12a [ in / the example of drawing 1 / in this example ] -- 
replacing with — damping coefficient C 1 the spring which it is fixed and is a thing 
using vibrationproofing mounting 21a to which a spring constant can be changed, 
and was united with the fluid buffer system by viscous fluid 45A as shown in 
drawing 4 — a member -- 20A - adding ~ the near - a piece or two or more 
springs -- it has prepared free / insertion and detachment of a member 25 in this 
case, a spring -- even if it unites with the fluid buffer system by viscous fluid 45A 
and a member 25 is not, whichever is sufficient as it In addition, also in the stage 
equipment of this example, four vibrationproofing mountings are prepared like 
drawing 1 . 

[0041] drawing 4 -- setting -- a piece or two or more springs -- although the end of 
a member 25 is being fixed to the base plate 13, the other end does not always 
contact in the aligner main part 11, but control which connects and releases the 
field 26 where the other end and aligner main part 1 1 face with a driving gear 27 is 
performed As a driving gear 27 which performs this connection and release 
operation, various drive systems, such as machine operation by use of 
electromagnetic force, a vacuum adsorption power, and pneumatic pressure, the 
motor, etc., can be used. Connection of a driving gear 27 and control of release are 
performed by the control system 19. Other composition is the same as the stage 
equipment of drawing 1 . 

[0042] The oscillating model of drawing 4 explains operation of vibrationproofing 
mounting of this example briefly, in addition, the case where two or more spring 
members are prepared in vibrationproofing mounting 21a -- those springs - 
although the spring constants of a member differ, respectively -- spring constant K2 
It represents and explains, namely, a spring the number of change by the 
combination of the number of members 25 - spring constant K2 It shall change. In 
addition, operation of viscous fluid 45A is not controlled by the control system 19, 
but most viscous-drag coefficients of viscous fluid 45A are governed by only 
environmental temperature. Therefore, at ordinary temperature, it is the damping 
coefficient C 1. It thinks as fixed. 

[0043] the damping property by viscous fluid 45A in which vibrationproofing 
mounting 21a has a damping property -- adding a spring -- a member spring 
constant K1 of 20A a spring spring constant K2 of a member 25 Spring constant 
KT by combination By making it change, further many oscillation characteristic 
values can be set up as compared with the example of drawing 1 . a spring - if the 
number of members 25 is set to n -- spring constant K2 several [ of change ] - 
combination about which P takes i pieces from n pieces nCi ** it carries out and 
is set to (1+nC1+nC2+-+nCn) at the maximum 

[0044] for example, a spring -- if the number of members 25 is three -- spring 
constant K2 The number of change is set to 8 at the maximum, spring constant KT 
although change is not continuous -- the spring of the predetermined number - 



forming a member 25 spring constant KT of the form almost near continuation It 
can also obtain, therefore, a spring - member 20A and two or more springs it 
can respond to the demand of various oscillation characteristics to stage 
equipment with the combination of a member 25 and viscous fluid 45A 
[0045] in addition -- this example -- vibrationproofing mounting 21a - a spring -- 
although constituted by the combination of the spring buffer system by members 
20A and 25, and the fluid buffer system by viscous fluid 45A, there may not be a 
fluid buffer system However, it is more more effective to apply combining both 
spring buffer system and fluid buffer system. Next, another example of the stage 
equipment by this invention is explained with reference to drawing 5 . that to which 
this example changes the spring constant of vibrationproofing mounting like the 
example of drawing 4 — it is a spring constant - K3 a spring - a member — the 
spring buffer system and the damping coefficient C 2 by 20B The vibrationproofing 
mounting 30 of the assistance which used the actuator 31 of a voice coil motor 
(henceforth "VCM") method near the vibrationproofing mounting 28a which 
consists of fluid buffer systems by viscous fluid 45B is formed. In addition, also in 
the stage equipment of this example, four vibrationproofing mountings are 
prepared like the example of drawing 1 . 

[0046] The vibrationproofing mounting 30 of the assistance by which the lower part 
was fixed to the base plate 13 near the vibrationproofing mounting 28a as drawing 
5 showed the ** type view for explaining the oscillating model of vibrationproofing 
mounting of this example and it was shown in drawing 5 is installed. The VCM 
actuator 31 which constitutes the vibrationproofing mounting 30 consists of magnet 
section 31b fixed to coil section 31a and vibrationproofing mounting 30a which 
were fixed to the aligner main part 11, and the energization force over the aligner 
main part 1 1 changes from a base plate 13 according to the current passed to coil 
section 31a. 

[0047] The position of the aligner main part 1 1 is faced and established in the pars 
basilaris ossis occipitalis of the aligner main part 1 1 , and it is measured by 
position-sensor 33A which detects the position (height) of buckling-of-track section 
11a of the pars basilaris ossis occipitalis of the aligner main part 11. Position- 
sensor 33A is being fixed to the base plate 13 through support frame 38A, and the 
physical relationship of position-sensor 33A and a base plate 13 is fixed. The 
measurement value of position-sensor 33A is supplied to position gain circuit 39A, 
and the VCM actuator 31 of the auxiliary vibrationproofing mounting 30 is 
controlled by position gain circuit 39A to generate the energization force in 
predetermined gain in the direction which sets the amount of gaps of the 
measurement value of position-sensor 33A to 0. And in this example, when a 
control system 19 changes the gain of the position in position gain circuit 39A, the 
spring constant of the VCM actuator 31 is changed indirectly. Moreover, although 
various length measurement sensors can be used as position-sensor 33A, use of a 
laser reflection type sensor, an eddy current sensor, etc. is desirable from a cost- 
side. Other composition is the same as that of the stage equipment of drawing 1 . 
[0048] Next, still more nearly another example of the stage equipment by this 
invention is explained with reference to drawing 6 . This example is what used the 
actuator of a feed screw method by motorised as vibrationproofing mounting, and 
has not prepared vibrationproofing mounting which consists of a spring buffer 
system like the above-mentioned example, and a fluid buffer system in this 
example. In addition, also in the stage equipment of this example, four 
vibrationproofing mountings are prepared like drawing 1 . 



[0049] Drawing 6 shows the ** type view for explaining the oscillating model of 
vibrationproofing mounting of this example, and vibrationproofing mounting 32a by 
which the lower part was fixed to the base plate 13 is installed in this drawing 6 . 
The actuator 34 of the electric type which constitutes the drive of vibrationproofing 
mounting 32a consists of drive-motor 34b turning around thread-part 34a screwed 
in the nut section of spindle 34c which runs against field 26A which the aligner 
main part 11 counters, and this spindle 34c, and this thread-part 34a etc. It is fixed 
to a base plate 13 and the pars basilaris ossis occipitalis of vibrationproofing 
mounting 32a has composition which absorbs the vibration from the aligner main 
part 11. 

[0050] The position of the aligner main part 11 is measured like the stage 
equipment of drawing 5 by position-sensor 33A which detects the position of 
buckling-of-track section 1 1a of the pars basilaris ossis occipitalis of the aligner 
main part 1 1 . The measurement value of position-sensor 33A is supplied to 
position gain circuit 39B, and position gain circuit 39B controls the energization 
force over the aligner main part 11 of an actuator 34 by position gain to set the 
amount of gaps of the measurement value of position-sensor 33A to 0. Also by this 
example, a control system 19 adjusts the position gain in the position gain circuit 
39B, and changes the spring constant in an actuator 34. Other composition is the 
same as the stage equipment of drawing 1 . 

[0051] Unlike the VCM actuator 31 of drawing 5 , the actuator 34 which consists of 
the feed screw and drive motor of this example is independently applicable also to 
the big equipment of a load. However, you may use together with vibrationproofing 
mounting which consists of other spring buffer systems or fluid buffer systems. 
Next, the modification of the stage equipment of drawing 5 is explained with 
reference to drawing 7 . This example allots a load cell between the 
vibrationproofing mountings 30 and the aligner main parts 11 of assistance of 
drawing 5 . 

[0052] Drawing 7 shows the ** type view for explaining the oscillating model of 
vibrationproofing mounting of this example, and the load cell 35 is arranged in 
drawing 7 between the base of the aligner main part 1 1 , and the upper surface of 
the outer case of the vibrationproofing mounting 30 which has the VCM actuator 
31. The measured value of the load from a load cell 35 is supplied to drive circuit 
39C, and the measurement result of the position from position-sensor 33A is also 
supplied to drive circuit 39C. Drive circuit 39C controls the energization force of the 
VCM actuator 31 to make into a predetermined value the spring constant which is 
the load detected by the load cell 35, i.e., the value which **(ed) the force in the 
amount of gaps (variation rate) detected by displacement-sensor 33A. Moreover, a 
control system 19 makes the value of the spring constant in the drive circuit 39C 
change if needed. Other composition is the same as that of the stage equipment of 
drawing 5 . 

[0053] The oscillating model of drawing 7 explains operation of vibrationproofing 
mounting of this example briefly, the damping property by viscous fluid 45B in 
which vibrationproofing mounting of this example has a damping property -- adding 
-- a spring -- a member -- spring constant K3 of 20B the spring of the VCM actuator 
31 which constitutes the auxiliary vibrationproofing mounting 30 -- constant -- 
several kA Spring constant KT by combination Various damping properties can be 
set up by making it change. 

[0054] If the force concerning a load cell 35 is made into applied force F and the 
amount of gaps of the position of the aligner main part 1 1 measured by position- 



sensor 33A is made into a variation rate delta x, the value (F/delta x) which **(ed) 
applied force F by delta x is equivalent to the usual spring constant, when the VCM 
actuator 31 is regarded as a spring material, therefore, a spring -- constant -- 
several kA (F/delta x) it is -- a spring constant - several kA What is necessary 
is just to change the applied force F to the same variation rate delta x into 
changing, therefore, the thing for which the current passed to coil 31a by the 
control system 19 is controlled -- the spring of the VCM actuator 31 constant 
several kA It is changeable. 

[0055] It is the spring constant KT of the whole stage equipment only by controlling 
the VCM actuator 31 by drive circuit 39C electrically, since the vibrationproofing 
mounting 30 of assistance by the VCM actuator 31 is formed according to the 
method of this example. It can be made to be able to change broadly and can 
respond to the demand of various oscillation characteristics to stage equipment. 
According to the stage equipment by the above example, vibrationproofing 
mounting which consists of a spring buffer system and a fluid buffer system can be 
installed between the base plates 13 used as the aligner main part 1 1 and the 
installation side of an aligner, vibration from which various [, such as vibration 
accompanying movement of the reticle stage 2 of an aligner or a wafer stage and 
vibration from the installation side of an aligner, ] differ can be buffered, and the 
performance of an aligner can be raised. 

[0056] In addition, you may use an air spring as a spring member in an above- 
mentioned example. Moreover, the buffer system which used air, such as for 
example, a pneumatics cylinder, as a fluid buffer system can also be used. In 
addition, although the above-mentioned example applies the stage equipment of 
this invention to a stepper type projection aligner, it is also applicable to the aligner 
of step - which synchronizes and scans a reticle and a wafer, and - scanning 
method. 

[0057] Drawing 9 shows the graph for explaining the drive of the wafer stage of the 
aligner of step - and - scanning method, and the timing of exposure, Time t is 
shown in the horizontal axis and the speed VW of a wafer stage is shown in the 
vertical axis. As shown in drawing 9 , in a period 77, a wafer stage accelerates, 
and performs convergence to a predetermined scan speed in the period 78 just 
behind it, and exposure is performed in the period 79 when a scan speed becomes 
fixed. The wafer stage between periods 79 is a scan speed VW2. It moves. After 
exposure is completed, a wafer stage is slowed down in a period 80. In the period 
81 just behind it, positioning to the scanning starting position of the following 
exposure shot is performed. The total time 82 is the sum of the above periods 77- 
81 , and a drive and exposure of a wafer stage are repeated this period. 
[0058] the period 79 which is the exposure time like stepper type stage equipment - 
- only setting - rigidity - "-- soft " -- what is necessary is just to carry out If it 
carries out that it cooks of the rigidity in "" to the time in connection with the 
acceleration slowdown of other stages, vibration generated by acceleration 
slowdown can be ****(ed) quickly enough. Moreover, in the above-mentioned 
example, although the helical compression spring is used as a spring member, you 
may use flat spring, a griddle, etc. 

[0059] Thus, this invention is not limited to the above-mentioned example, but can 
take composition various in the range which does not deviate from the summary of 
this invention. 



DESCRIPTION OF DRAWINGS 



f Drawing 11 It is the outline block diagram showing one example of the aligner to 
which the stage equipment by this invention was applied. 
[Drawing 21 It is the cross section showing the internal configuration of 
vibrationproofing mounting 12a of drawing 1 . 

[Drawing 31 It is the ** type view showing the oscillating model of vibrationproofing 
mounting 12a of drawing 1 . 

[Drawing 41 It is the ** type view showing the oscillating model of other examples of 
the stage equipment of this invention. 

[Drawing 51 It is the ** type view showing the oscillating model of another example 
of other of the stage equipment of this invention. 

f Drawing 61 It is the ** type view of the stage equipment of this invention showing 
the oscillating model of another example of other further. 

[Drawing 71 It is the ** type view showing the oscillating model of the modification 
of the stage equipment of drawing 5 . 

[Drawing 81 It is drawing showing the state of the speed control of the wafer stage 
of the aligner of drawing 1 . 

[Drawing 91 It is drawing showing the state of the speed control of the wafer stage 
of the aligner of step - and - scanning method. 

[Drawing 101 It is the outline block diagram showing an example of the aligner to 
which conventional stage equipment was applied. 

[Drawing 111 It is the outline block diagram showing other examples of the aligner 
to which conventional stage equipment was applied. 
[Description of Notations] 

1 Reticle 

2 Reticle Stage 

3 Projection Optical System 

4 Wafer 

6 X Stage 

7 Y Stage 

8 Wafer Base 

9 Surface Plate 

11 Aligner Main Part 

12a, 12b, 21a, 28a, 30, 32a Vibrationproofing mounting 
1 3 Base Plate 
19 Control System 

20, 20A, 20B, and 25 a spring -- member 

45, 45A, 45B Viscous fluid 

27 Drive System 

42a, 42b Wing-like member 

31 Voice Coil Motor (VCM) Formula Actuator 

33A Position sensor 

34 Feed Screw Formula Actuator 
39A Position gain circuit 

35 Load Cell 
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[0031] •*«:, *Moaw«ns««:liiat- £tbttit 

*4 5(C-?l^"CSfifllf 4. ffl^ODiiD. fAttjft|*4 5li 
3S*ftf4ERaWC*4. COERaWlt. 

v / mmwmn mfxmz tcttmuxaate. 
30 ERiiftf*©S*{cJ;-?-c«iaf*ti:3ai ( ^. 6 J*r- 

SttWilttO. lteciKVM. 

^A ?• > 7 • 7 > K ■ A* + >*2!j<DHSiS5jfeSatCg 

[0 03 2] C©ER?*f*iOrt*. ^Ua>*^jWr 

4, 0»S(DERififtti. WW(Ctic$t'3W, 085311 
40 ffclSKDERrtftli, tt^^tfiC i#ft< . ^© 

Ki AoAt'fittrti e r a«*^*>nat^©*ij#.* 

[0 03 3] ^14?fi^4 5tLrTt*. tUbOERifc*© 

50 <. *t>r«8«tc^^Sfl*stR , r4. -xic 
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ffl3*l£PfiH-?f7> h 1 2 aCDttfrfc^l/tSWftfc 

i tss^goieafflr-ft-s^-A^u- h i scdiukci 

1 2 a «t>fifM*ttli. HI 2 ©ttto&T* 2 0 ©t#fcJE&K 

t:> ycMactc J: *> fcts *ift„ 

[0034] *Ht l tt, «tamt2 OOtffttttKIt- 

-3 < y > e > yffi&C fegft <* it ft £ £ IC J: 0 ttig-? 9 
^12 a©}Sa»1i«ra!(t3-tiS. ^Wflitttejjfcl* 
4 5tLrERiilt*«:ffl<. 1 -C^I>o tettitftlCtt 
tf ft£|ttn^£WarrftC&KJ:^X^iftfM 5©tt 

mm* i ofsiaiott-c^sEu^sERfifemstA*^ 

£3 . &P4Nli^Kfct:rft£&eit*ftlHrrft £ 

[0035] fifliSCDJ: . S#i£B©tt£34 Lr.fi> 

m% w > ftm>h(om>iB&<o(SftK.v < □ > isart 

CCSHS? ft^S**^ 4,©-e;fcft, < A ) <»im&&*. 
PRtCifi»4tf*CDti:. \s?9)l> l<DA^->y>i^i/>4 

citfimiASftftitt]. aosno^WT^-fjo 

h MffOiffle'Cab &. S fc, ( o ) OtSfifeA^^ 4 

ft©«ii, 9 x^a^-s^yix f"--y2£i5£ 

ic^sa § i4 ftr«© u ? * * * r - ^ 2 ay 9 2 r - 

[ 0 0 3 6 ] B 8 1*, WCAf > ^iBOSfliiSltStB 
Cdfctf ft, ^x^Ar-^oSgft&O'SS:*©* 5 
*3BWr ftfc*©??^^. eMiCl*ffi]t. tS$ft£ 
^x^r-^Oii&VWfcii-iL-CVft,, ftf. WBB7 

ltciji'Tfi^^r-yatuna^m', ah 7 2 on 

t*BifcifT*tft», KPJB7 SfCfct'Ox"*?— fti 

SuiTS„ -eoftsoiwa 7 4 icfci,»-ci»^iaB©iia 

3fe»*?ft', *©»rr»©»jhOT<,»ftlWM7 5#JSjfc 

i-sw-c* ft„ h - * jh*b 7 e it, w±©ffli@ 71-7 

jfiSftri**. Sfc, «tlih«Mi*vwi*9 

jui a r - ^©JgiSSgfljiiS&TS t, 'ft. 

[ 0 0 3 7 ] mtf*«M>x^!^att:tot> 

r. h 1 2 a. 12 b«E)Kl(Mfttttte29 

&?ftM-£&£rftC BPS, 25jfeB$PflT-*> 

ftffiBT 5CM»T©»H(tt* r«6fr< J f ft. BP 

<j>7, 9— ^(DttiiSRatcBgbftiftiaKtJWtt* 
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«cit<0**-ftc4*i'c*ft. 

[ 0 0 3 8 ] 4CftT\ Cft6QttNniiS#-l6B£ 

#**l^ftB2©*dfflHfi 1 QKJDttitflft**. *« 
f > h 1 2 a , 12b ©*&te£!g©fcs!>tc!fc8ll 

b® nsttiwc (to r twis*** l . tttttftf* 4 5 tc 
-i>satcij:n(a:r * 5T»Jfee-tcj±^#fitK$^3 

[0039] Kfc, ajftUKKfcWftl/^**^^- ^ 

20 12a, 1 2btC|9:t^tVft^? rpguftj t* r*6AH^ 
F£. r »IWUX4 ~ 5 BBI«Q|»**0*I6S*T* ft C t 

acrut. •e<DHHtt«:BiT*s8iirt -PiMiMccSfk'c * ft & 

*TftCiA^*ft. 

[0040] *tc, *ifeBj{c iftA?— t>ms<Dm>M 

*PlK-?l' , CB4t#JHL , CKWi'rft. 134 ti. 
fcO-C. B4tC9TJ:^tcMttji#4SA(CJ:fttt«« 

ess t — *f ttfe wftSr 1 2 0 a iz tn fL r ^©ffiSic 
-1HXti}gi»©(*t3W2 5 «Maa«ECC|K^'C^ft. 
C Itbatt 2 5 (*ttttfife^4 5 Ate i: ft acfliJS 

is &to, *pi]oxf-i>^accfc(,»-cfe. HiilsHi 
tc 4 1BOPAS-? •> > h tfRi) fcnft. 
40 [004 1 ] B4tfi*»^'C . -ra;mi?&<DI£»a8|i|*2 
.^©-laii^-Ay U- h 1 3tC@S3nTl>4*i, fill 

agt*3£i£a*f* 1 lianmmut: zvAmtz, 

1 1 ©*!#TftB2 6 i ?:|ES^g2 7 (C J: 
♦JS^Ry'iSfiSffti^^HlffllWtenft. coe^, 
KttBtff«Tf9VEMtBZ7^Lri:(*. SKA. 

Ry^aE<of<jffl. so'*-?^ccj:ft^jsgiif'p 
^©^* acttJbOHfe^r * ft. Jisft^a 2 7 ©i* 

«JsRy«?ik<DiWS«i*IS»* 1 9 ICJ: 91it>nft. 
©fliBfittHl 1 © X r - 4 HI C-C*ft. 
50 [0042] m4<D&&*f : MC£ 9 :fcff«©P*ffi > 
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KD&HtZ&SWiimfi, fcfc, ffimw> h 2 1 a 

(Dtftotsni-enena^ -?fc4>©-c*&3<>t, States* 

K, XtK&LXmiV i>. BPfc, tttag|iW2 5©»©ffl 
£0*C&*<»CD£1 I &. 44*. ttttiilct*4 5A©S4mt 

Wim* 1 9 kj: D*uai3nr*j &r. ttttflfctM 5 a© 

ttttlffifM^&lltttBR'H W JC30E 3 ft * * ©T* 

6. ffl-»T*a-ctty>fcr>y#»c, ti— *i or* 

A*. 

[0043]KtB-?'5>h2latt. «Sfl|tt*irf & 
tttta# 4 5 A tC J: ftKBttttKai* "C IH9IH 2 0 A 
aXTfafikK. £Mtt«M2 5©HJa£*K J iCOil* 
^t>«(CJ:«tfti«ttKf £&ft<*tt£C£r. 01© 

sanxtcttiao'ciKO < ©nfti$ttfi*sa*-r*c t 

14* «C, iL-C, g*"C < 1 + „d + „C t +- + 
.C. ) itt*. 

[ t) 0 4 4 ] flUB, t£&mt2 5©&*3®-C'*n 

it. »u«itK. ©&ftSN*g*-t?8£tt£. t*ja*« 

5 £5tt * C J: 0 . ft£M4ftCCttl>^KJalElfcK 
r £ff&C£t-C*&. 8E-»r. <ttalfrt2 0A&tftK 
IHMI3W2 5 ittttitf*4 5 A £©ii#£fc1*icj: 

[0045] 44a, *«tt*Pfifi^"7 > h 2 1 a Ut, IS 
toSUr* 2 OA. 2 5 Id J: &(Xb&tt$£tttttfeft4 5 A 
ic J: mmm& 4 ©II# St>* cc <fc 9 fcfiX 3 

Slttfllicoi^as^^iBLraii-r*. *«ftt. @4 

©fltBHUCttW-s" f > h ©l*ft*»?:&ffc<*tt£k© 

± jr> tr > ^ffitC , ©iiteiifctt 4 5 Bccj: 
X^ft&Sft&Mfi-?^ h 2 S a<DJfifll»(CtK<rx=i 
-t**~-> (WT rvCMj *r,.^> *3W>7>*3.* 
- 5? 3 1 *Hi>fcl|ttfl!>|tytti-?9 > h 3 0 
<&. 4fc, ■*pil©Ar-i>ilB(i:iav*'Cfc, @i©0<£ 

[ 0 0 4 6 ] @ 5 It, *PU©PAte^"7 > h ©£Sfl*T )l> 

■5"?>h2 8a©iS#SKTSiai*^-^? , L'-h 1 3cc@ 
S3ftfc»iflJ!l©FSte^'? > h3 0«ira3ftTl>«. M 
fr7-J>h30 S*UW4VCM7>* »x-*3 1 
It. SS#!£B#f*l 1 KBS£3tlfc 3-^^*3 1 a£t>' 

tm-?^^y3o&icmfE^ntc^if^ -j v&z 1 bs? 

a>*>wfiS3ft. :M;U«3 l aKflftTSiifttci&b-c^-- 
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[0047] B#£B*f* 1 1 ©{£S«, ffi#«S*<* 
1 lO^BtciiLTsaW^ft, 2gjfciSg*#l lOHc^C 
©SiOasoftl 1 a©(£B (iftS) *l5iaj-rSfiB-b> 
■^3 3ACCj:DltftiJ3n^. tiB-bV* 3 3 At*. £f# 
7b-i3 8Ai/rOT' i ;-X7l — h 1 3icB^sn 
"OS*. liS^>t3 3Af -X?"l/-H3i©{i 
■Hffit*-tlsi:t'&. fiB*>-9"3 3A0SHHW*. 

io tiv^>ei83 9At<:^3nr^D. ttwaim-? 

h30©VCMTi>* jt-*3 lit, &B-fe>t»- 
3 3 A©ati lf@©T4afi=£ 0 C£f hHm<^t<0</-i > 
T>tt||ftft&£r* J: ^tCfiBirW >0»S3 9 AtC J: 0 

@E8 3 9 A K4et* &liB©y^ >**af -SCiiC J: 0 
ftHg(fi£VCM7i' : 5 L ^i-* 3 10t*ftSft*.*||f 
^. Sfe, tiB-b>1f3 3AiLT4tS'?©i»Jfi42>'»»- 

20 m 1 ©^r-^gBilfflli-Cfe^. 

[0 048 ] «K, ^fi9NC yttBCQKtCBl 

> h i l/X-t- fM-cat) fa U*5!C©7 f ^ * 

^4£(,> 0 ttte. 2j£««?x^-i>SBtcte^T:*>. Hi i 

[ 0 0 4 9 ] @ 6 It, *P>IOPAli^"7 > h CMHt^iU 

30 a5*i-s-A7U- h 1 3KH*S*Ufe|5W-*$> 1*3 2 
a*SSSn-C*,'4. PAtR"? 1 ? > h 3 2 a<D!gSft^«: 
«*T*«W©T * * » x- * 3 4 «. 
1 10Mlfil-fiffi2 6AiC3?*Sfc*^f>H^3 4 
c. K;U3 4c©7^:» ^PtCtt^rT-Sfal^ 

3 4 aRy'C©fcii;a!3 4 a SrStjT iSE©*- J? 3 4 
b«*»&*JMtSftri'4. F*fe^"5> h3 2a©lS^lt 
-^-^7lx-h 1 3 6C@SE3n, Sit6B"*:*l 

[ 0 0 5 0 ] B7fc&B*f* l l <W4Btt, 05 ©^t- 

40 ^ttB^nwe. s*SB**i i©isa!©«M , jmLrSc 

1 1 a©&B£fctfi-r&f£E-k>1>-3 3ACCJ:«)I+»I$ 
n*. i4B^>*3 3 A©I+SiJiHtfiB^W >SIS83 9 
BiCffelSSn-CteO. feBy^>lUK83 9 BltfiB-b> 
t>3 3 ACMHHflCOf nat: 0 Kf 4 <t ^ tdr > * * i 
- Jr 3 4 ©23££S*# 1 1 C»T SH»A*«*«!>fiL 
B'/-<>r$l)iMT^o «tHT<>WHR 1 9 lt-e©f4B7-' 
^>[IBB3 9BiCfcWSfiB>V>?:ilB^L,-C. 

>x-*3 4«c4*w*ijaa****fbs-it*. -e©«!j© 
#mm i ©^?— yftBAiaic'c**. 

50 [0 05 1] *PJ©jS*J*3t;i!gSii*-*i3!>^4^7 
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m 5 ©* T - ^£B©!fc)fJ PflK-Pt ^-c a 7 L rift 
HIT*. *«4S. @5<DtSHJ)<DBMi-?^> 1-3 0 iJSjt 
s!£S*<*l 1 i©ffij(CP- K-bJU«:SBL.fc4><D'C-*-6. 
[00521 37 ti, *PU©lfiJI^ > h ©US**? ^ 

8*1*1 l©JiffiiVCM71'? L 3.x-*3 * 
PAJ§v5 > h 3 0©?ffH©J:ffi£©R8K:P~- K-te^3 5 
j5*EB3tttVio 0 - K-bJL. 3 5 *«6©»S©!*l^ii 
ti|6S(llliS3 9Ctctt?&?n, SgSilBlB83 9CK«MkB 
-b^-tf-3 3 A*>6G>ftB©iM^f6Si#i!63iTC <<»&,, 
!Eail»S3 9 K*^3 5 rKiwsniffs, BP 

l£lfcitr-&£t;rft*i*£j«£©liK*4J: 5iC VCM 
T*?aX-* 3 l<Dtt&1J&nW?Zo tttc. MWTk 

&©lil£&iE3tf&. *©tt©*iiiS*i§i5©.x?'-s>£ 

[0 05 3 ] @7©ft*te^Kj:9*«©l*tS-?£> 

l£btM*2 0 B©t»J*S»K. ; ttffiiOMfe-Ws Y 3 
0*«MW*VCMT 3 l©l#fe«»K. 

[ 0 0 5 4 1 p - K-b -iU 3 5 Ka>*»£*>£ffffl;*J F t 
O. {Sia-b>-3-3 3A'C»lJE3n4Bia6K*^l 1© 
tiB©rftfi**&Ax 1fffttF*AxT'Rf! 
l/fctf (F/Ax) It, VCMT^^-f 3 1*1* 

K. £j£A£iC«|I]-©gf5AxtCtfT£flUfl:&F&& 
A.tl(j:j:^o ■£©*:«>, M0&1 9{Cct*J=i^^3 1 a 
(ca-Tliillt C t K J: 0VCMT*^*i-* 

3 l©l;£ft*&K. «r^.£C£Ai-C*&o 

[ o o 5 5 1 ^nonmc *n» . vcm7>?»x- 

*3 ltCJr&|«to©tt£?^>h3 0?:iS!WTV*© 

•flintcMar * w T. a - y£S£#©i*ta«$t 

1 1 iJ5#£B©t9Sffl££c*^-2:7u-- h 1 3£© 
Rate ^tJitSigsaoWlgBi^ 4PAfi^ 1 :> h £ 
tSSt,T\ S*4IB©u?*Jl'*'r-s>2*>'?.x'v*-r 
-i>©#fifr^f* 5 J6fip*>Bifel£S©ISrBffl*»&©tESlF^ 
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[00561 ±iil^fc«lCtett4lftoaiflt U 

itr*6„ &*, ±ia©Hlfe«t*2|s:^©A?--^S 
St * T > ' ?Sa©iSS;S5it^BCC L fe 4>©t'&& 

T> K • A*+>*3!c©B7tilBtCSffl-r4Ci4>r'* 

10 [005711391*, Af- >-7 - 7> F ■ 

©BftiSB©^^*-?- ^©SB&atfS*©* -C 5 > 
itmVltZtcWDi'y-yimL,, (IIUCtfM t . ASS* 
(C^XMAr-i^Dji&VWt^G-t 9 

jfefctTt,*, **ii£#-SEtfc&fflia7 9lCfc<,>T25# 
tftttanS. MR 7 9 <DR9 ■> * ' > x ? - ^ti*i*S V 
W, -C^fljf ^ . Siflc^RTf ^> i . nn 8 0 K tet, * r 
-5i^Xr-^(*Si3if i. •5-©iif*©Wia8 1 Kfct,^ 

20 racsjfcs'ij y ^©7t:fi^fa^&^iB^©£i.B^:S!)^s^T*3 
n*. h-*^»ffi]8 2«. w.±©wra7 7-8 i©a 
r*-3r, c©igfflr-'?x^Ar''^©sgfiatj < B^* i 

[00581 x??/<att)xr-%ttv&Hate. S3fe 
«sra-c'fe*ttpfl7 9icfc^-c©*Bit4 : S: r^^<j f 

nt*J;^. •e©ffi©^f - ^<Dftia«ittCllBt>4WB!lK 

[0059] COct ^Kl*»fltt±j**ifertK:p*S4l 
[0060] 

l«BK*r 4 ^ r - y« BWW»6 ©fiSi«:frS U 
40 <tt^J:^ttild(Ctt, ttRfflft^S0Mtt*']tS<ll 

Plxl*pISirt©«;fiJptCf*5J: J 5fegBP , ia! 

Mli t* < f * C i ic i: 9 4 C t #T * -5. . 
[0 06 1 1 4Jt, *|feB < Bi5r)M2©^?— i^KCJiA 
I*. B^SO^r-^BiOTB^^RyS^A 

(a) gBrta!T-*4-r&iia©^^ss. ©2 

Htc. Sit«if , E«:tei^r©*T:'fe<. SfS©*^w&T 
so 5 > > h ftftsy^ a ao'SitSR^wAna a«# 
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[ l) 0 6 2 ] * fc. *#BJJ©3! 1 &y|l2mf-^ 

■en-ett&T*©tttt?jfctW<cKH s ft *t matt* m o , 
r e> ?f*ft*£ft£ ffUtxtitift 

#£ L TS5?©* <* cc J: 9 ttttifitnf*Sltt i !S:ft-f * E R 10 
(Electro Reolocpcal) itf*£:&ffl ^^CCgS 

Situ ■en<cf*-,ry>t>^»#ss:itu. gsw 

ccgfE x r - £>CDVCHXaiC(=lS Cr T MtMMf4 3©J§flj 

[ o o 6 3 ] * it, sft^tt^oi 

i©rfltc-fflX«feitiB©t*fc^5tit?:Jf jft-r^c tec j: 20 
9fr&£ft££fb3-tt&il£(cii, PUI*, ttltMM* 

[ 0 0 6 4 ] 4 fc, SSWa TJf^i-^ Ttfto^la 
.tgfbStf&Udicii, WtatcMR-cft&. l«e, % 

[01 ] *^KJ:6;i?-34&e4Wi3ft*:J|£K 
B©-**fe«* net ttRttaHl * . 

[02] HI 1©F^H^"5> h 1 2a©F*l^)!!( : S:^-rit6 
fflH"C*>4 0 

[0 3 ] m 1 ©KH^ 9 y h 1 2 a ©tSft^rA 
[04] *&W©XT^£a©te©fgte0to}sa^* 
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[135] *^©xr-^^a<Ot>5 1 -PtW«i©*ife« 
ottM* r ;u * ataB'C* 

[06] *|fe|B©xr-i>Sa©||<c4i^ loofflKD* 
tepiJo&ii* mart mxm VhZ>. 

[07] @5©*7 L -i>£B©!£«W©lltt*?\rt'*S 

[08 ] 1a 1 ©s^ao^xMx^-^isitniaii© 

[09] Ar»y-r>K-A+ * >*5S;©aS*i*iB© 

[0io] tt*oA?~s;ftraiA!Sftfij|£ftta> 

-pi] £*irtaag ffifisia r* 4. 
[011] ft$©Ar-^£ajWiESttfcS5£sa<D 

[ff*W>SW!J 

1 U*J?H> 

2 u 

3 ttlftfcgft 

4 "Jin 

6 XA?-y 

7 Y^t-^ 

8 "Jx*^-;* 

9 «SS 

1 1 S3^SW 

12a. 12b. 2 la. 2 8a, 3 0. 32a PAS 
r 

13 ^-X^U-h 
19 MfUfc 

2 0. 2 OA. 2 0 B. 2 5 MttVtt 
4 5. 4 5 A. 45 B 

2 7 Oft* 

4 2a, 42b HfflWtt 

3 1 sK-fXa-OL-fc-j! <VCM> SCT £?*x-£ 

33 A f±a-fe>-f 

34 sotooser 

39 A tiByOBB 

3 5 P-K-fe* 



[03] [04] [08] 
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